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Limited time offer only 


ZEN50 


Zener Diode Analyser 

(ine. LEDs, TVSs ete) 


LCR45 


di r Use code 
EPE10 
during checkout 


LCR and Impedance Meter 
with Auto and Manual modes 


DCA75 


Advanced Semiconductor 
Analyser and Curve Tracer 


fw; 


r£J 


£99.90 

with T discount! 




Online upgradeable 

The popular DCA Pro features a graphics display shovving 
you detailed component schematics. Built-in USB 
offers amazing PC based features 
too such as curve tracing and 
detailed analysis in Excel. PC 
softvvare supplied on a USB 
Flash Drive. Includes Alkaline 
AAA battery and comprehensive 
user guide. 


“A very capable analyser” 

RadCom 


DCA55 


Semiconductor Analyser 
- Identify your semi’s 


VVith backlit display and AAA battery 

Connect any way round to identify the type of component and 
the pinout! Also measures many parameters ineluding 
transistor gain, base-emitter voltages, MOSFET thresholds, 
LED voltages ete. Complete with a comprehensive illustrated 
user guide. Includes an Alkaline battery so you’re ready to go 
straightavvay. 

-Transistors (ineluding NPN/PNP, darlingtons, Si & Ge). 

- Measure h FE , Vbe and leakage. 

- Diodes and LEDs. Measure V F . 

- MOSFETs. Measure V GS (th). 

- Gold plated hook probes. 

-Long battery life. 

-Free teehnieal 

supportforlife. 

-Comprehensive 
instruetion book. 

-2yearwarranty. 


with 


Tel. 01298 70012 
www.peakelec.co.uk 
sales@peakelec.co.uk 


Atlas House, 2 Kiln Lane 
Harpur Hill Business Park 
Buxton, Derbyshire 
SK17 9JL, UK 


UK designed and manufactured 


It’s only possible to show summary specifications here. Please ask if you’d like detailed data. Further Information is also available on ouı 


'ou’re not happy. 


Great for hobbyists and professionals 

Introducing a powerful LCR meter that not only identifies and 
measures your passive components (Inductors, Capacitors and 
Resistors) but also measures complex impedance, magnitude of 
impedance with phase and admittance too! Auto and Manual test 
modes allow you to specify the test frequency and component type. 

- Continuous fluid measurements. 

- Improved measurement resolution: (<0.2pH, <0.2pF). 

- Test frequencies: DC, 1kHz, 15kHz, 200kHz. 

- Measure the true impedance of speakers and more. 

- Great for hobbyists and professionals. 


Now with backlit display and AAA battery 

The Atlas ZEN (model ZEN50) is perfect for testing Zeners 
(ineluding Avalanche diodes), varistors, transient voltage 
suppressors, LEDs (and LED strings) and many other components. 


- Measure Zener Voltage (from 0.00 up to 50.00V!) 

- Measure Slope Resistance. 

- Selectable test current: 2mA, 5mA, 10mA and 15mA. 

- Very low duty eyele to minimise temperature rise. 

- Continuous measurements. 

- Single AAA battery (ineluded) with very 

- Gold plated croc elips ineluded. 

- Can measure forward voltage of 

and 
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QUASAR 

electronics 


Quasar Electronics Limited 

PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 

Tel: 01279 467799 
Fax: 01279 267799 

E-mail: sales@quasarelectronics.co.uk 
Web: quasarelectronics.co.uk 


01279 


Ali prices INCLUDE 20.0% VAT. Free UK delivery on orders över £35 
Postage & Packing Options (Up to 0.5Kg gross vveight): UK Standard 3- 
7 Day Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; Europe 
(EU) - £12.95; Rest of VVorld - £14.95 (up to 0.5Kg). 

Order online for reduced price Postage (from just £3) 

Payment: We accept ali majör credit/debit cards. Make PO’s payable to 
Quasar Electronics Limited. 

Please visit our online shop now for full details of över 1000 electronic 
kits, projects, modules and publications. Discounts for bulk guantities. 


Card Sales 
& Enquiries 


467799 


Solutions for Home, Education & Industry Since 1993 


PIC & ATMEL Programmers Controllers & Loggers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 

Programmer Accessories: 

40-pin Wide ZIF Socket (ZIF40VV) £9.95 
18Vdc Power supply (661.130UK) £23.95 
Leads: Parallel (LDC136) £2.56 | Serial 
(LDC441) £2.75 | USB (LDC644) £2.14 


PIC Programmer & 

Experimenter Board 
Great learning tool. 

Includes programming 
examples and a repro- 
grammable 16F627 
Flash Microcontroller. Test buttons & LED 
indicators. Softvvare to compile & program 
your source code is included. Supply: 12- 
15Vdc. Pre-assembled and ready to use. 
Order Code: VM111 - £38.88 £30.54 



USB PIC Programmer and Tutor Board 

The only tutorial 
project board you 
need to take your 
first steps into 
Microchip PIC 
programming us- 
ing a PIC16F882 (included). Lateryou can 
use it for more advanced programming. 
Programs ali the devices a Microchip 
PICKIT2® can! Use the free Microchip tools 
for PICKit2™ & MPLAB® IDE environment. 
Order Code: EDU10 - £46.74 



ATMEL 89xxxx Programmer 

Uses serial port and 
any Standard terminal 
comms program. 4 
LED’s display the 
status. ZIF sockets 
not included. 16Vdc. 

Kit Order Code: 3123KT - £32.95 £21.95 
Assembled ZIF: AS3123ZIF- £48.96 £37.96 



USB /Serial Port PIC Programmer 
Fast programming. 

VVide range of PICs 
supported (see vveb- 
site for details). Free 
Windows softvvare & 

ICSP header cable. 

USB or Serial connec- 
tion. ZIF Socket, leads, PSU not included. 
Kit Order Code: 3149EKT - £49t96 £29.95 
Assembled Order Code: AS3149E - £44.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.96 £49.95 



PICKit™2 USB PIC Programmer Modüle 

Versatile, lovv cost, 

PICKit™2 Development 
Programmer. Programs 
ali the devices a Micro¬ 
chip PICKIT2 program¬ 
mer can. Onboard sockets & ICSP header. 
USB povvered. 

Assembled Order Code: VM203 - £39.54 






Flere are just a fevv of the controller and data 
acquisition and control units vve have. See 
vvebsite for full details. 12Vdc PSU for ali 
units: Order Code 660.446UK £10.68 


USB Experiment Interface Board 
Updated Version! 5 &S&*" 

digital inputs, 8 digital 
outputs plus tvvo ana- 
logue inputs and tvvo 
analogue outputs. 8 bit 
resolution. DLL. 

Kit Order Code: K8055N - £39.95 £22.74 
Assembled Order Code: VM110N - £39.95 

2-Channel High Current UHF RC Set 

State-of-the-art high 
security. Momentary or 
latching relay outputs 
rated to svvitch up to 
240Vac @ 12 Amps. 

Range up to 40m. 15 
Tx’s can be learnt by one Rx. Kit includes 
one Tx (more available separately). 9-15Vdc. 
Kit Order Code: 8157KT - £44.95 
Assembled Order Code: AS8157 - £49.96 

Computer Temperature Data Logger 
Serial port 4-ch temperature 
logger. °C/°F. Continuously 
log up to 4 sensors located 
200m+ from board. Choice 
of free softvvare applications 
dovvnloads for storing/using 
data. PCB just 45x45mm. Povvered by PC. 
Includes one DS18S20 sensor. 

Kit Order Code: 3145KT - £19.95 £16.97 
Assembled Order Code: AS3145- £22.97 
Additiorıal DS18S20 Sensors - £4.96 each 

8-Channel Ethernet Relay Card Modüle 

Connect to your router 
vvith Standard netvvork 
cable. Operate the 8 
relays or check the 
status of in put from 
anyvvhere in vvorld. 

Use almost any internet brovvser, even mo- 
bile devices. Email status reports, program- 
mable timers... Test softvvare & DLL online. 
Assembled Order Code: VM201 - £134.40 

Computer Controlled / Standalone 
Unipolar Stepper Motor Driver 

Drives any 5-35Vdc 5, 6 
or 8-lead unipolar step¬ 
per motor rated up to 6 
Amps. Provides speed 
and direction control. 

Operates in stand-alone 
or PC-controlled mode for CNC use. Con¬ 
nect up to six boards to a single parallel port. 
Board supply: 9Vdc. PCB: 80x50mm. 

Kit Order Code: 3179KT - £17.95 
Assembled Order Code: AS3179- £24.95 


Many items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix) 






Bidirectional DC Motor Speed Controller 

Control the speed of 
most common DC 
motors (rated up to 
32Vdc/5A) in both 
the forvvard and 
reverse directions. 

The range of control 

is from fully OFF to fully ON in both direc¬ 
tions. The direction and speed are controlled 
using a single potentiometer. Screvv terminal 
block for connections. PCB: 90x42mm. 

Kit Order Code: 3166KT - £19.95 
Assembled Order Code: AS3166- £25.95 

8-Ch Serial Port Isolated 1/0 Relay Modüle | 

Computer controlled 8 
channel relay board. 

5A mains rated relay 
outputs and 4 opto- 
isolated digital inputs 
(for monitoring svvitch 
States, ete). Useful in a variety of control and 
sensing applications. Programmed via serial 
port (use our free VVindovvs interface, termi¬ 
nal emulator or bateh fileş). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Povver: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108- £89.95 

Infrared RC 12-Channel Relay Board 

Control 12 onboard relays 
vvith included infrared re- ^ * 
mote control unit. Toggle 
or momentary. 15m+ in- 
door range. 112x122mm. 

Supply: 12Vdc/500mA 
Kit Order Code: 3142KT - £64.96 £59.96 
Assembled Order Code: AS3142- £69.96 

Temperature Monitor & Relay Controller 

Computer serial port 
temperature monitor & 
relay controller. Ac- 
cepts up to four Dallas 
DS18S20 / DS18B20 
digital thermometer sensors (1 included). 

Four relay outputs are independent of the 
sensors giving flexibility to setup the linkage 
any vvay you choose. Commands for reading 
temperature / controlling relays are simple 
text strings sent using a simple terminal or 
coms program (e.g. FlyperTerminal) or our 
free VVindovvs application. Supply: 12Vdc. 

Kit Order Code: 3190KT - £79.96 £49.96 
Assembled Order Code: AS3190 - £59.95 

3x5Amp RGB LED Controller vvith RS232 

3 independent high 
povver channels. 

Preprogrammed or 
user-editable light 
sequences. 

Standalone or 2-wire 
serial interface for 
microcontroller or PC communication vvith 
simple command set. Suits common anode 
RGB LED strips, LEDs, incandescent bulbs. 
12Atotal max. Supply: 12Vdc. 69x56x18mm 
Kit Order Code: 8191KT - £29.95 
Assembled Order Code: AS8191 - £29.95 




































QUASAR 

electronics 


ebele 


Official UK Main Dealer 


Stocking the full range of Cebek & Velleman 
Kits, Mini Kits, Modules, Instruments, 
Robots and more... 


Card 
Sales & 
Enquiries 
01279 
467799 


2-Ch WLAN Digital Storage Scope 
Compact, portable battery povvered 
fully featured two channel oscillo- 
scope. Instead of a built-in sereen it 
uses your tablet (İOS, Android™ or 
PC (VVindovvs) to display the meas- 
urements. Data exchange betvveen 
the tablet and the oscilloscope is via 
W LAN. USB lead ineluded. 

Code: WFS210 - £79.20 ine VAT & Free UK Delivery 



LCD Oscilloscope Self-Assembly Kit 
Build your own oscilloscope 
kit with LCD display. Learn 
how to read signals with this 
exciting new kit. See the 
electronic signals you learn 
about displayed on your own 
LCD oscilloscope. Despite 
the low cost, this oscilloscope has many features found 
on expensive units, like signal markers, frequency, dB, 
true RMS readouts. 64 x 128 pixel LCD display. 

Code: EDU08 - £49.99 ine VAT & Free UK Delivery 



200 Watt Hi-Fi Amplifier, Mono or Stereo (2N3055) 
Self-assembly kit based 
on a tried, tested and relia- 
ble design using 2N3055 
transistors. Relay soft start 
delay circuitry. Current 


limiting loudspeaker pro- 
teetion. Easy bias adjust- 
ment. Circuit consists of 
two separate elass AB 
amplifiers for a STEREO 
output of up to 100 VVatts RMS @40/ channel or a 
MONO output of up to 200W @ 4Q. Includes ali board 
mounted components and large pre-drilled heatsink. 
Order Code 1199 KT - £69.95 ine VAT & Free UK delivery 



2MHz USB Digital Function Generatorfor PC 
Connect with a PC via USB. 

Standard signal vvaves like 
sine, triangle and reetangle 
available; other sine vvaves 
easily created. Signal vvaves ^ 
are created in the PC and fh - j 'ÎJ 1 1 

produced by the function /»-J 

generator via DDS (Direct - ' ■ 

Digital wave Synthesis). 2 equal outputs + TTL Sync 
output. Output voltage: ImVtt to lOVtt @ 600 Ohms. 
Code: PCGU1000 - £161.95 ine VAT & Free UK delivery 
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PC-Scope 1 Channel 32MS/s With Adapter 
0Hz to 12MHz digital storage 
oscilloscope, using a Com¬ 
puter and its monitor to dis¬ 
play vvaveforms. Ali Standard 
oscilloscope funetions are 
available in the free VVin¬ 
dovvs program supplied. İts —-— —- 

operation is just like a normal oscilloscope. Connection 
is through the computer's parallel port, the scope is 
completely optically isolated from the Computer port. 

| Supplied vvith one insulated probe x1/x10. 

Code: PCS100A - £124.91 ine VAT & Free UK Delivery 


2-Channel PC USB Digital Storage Oscilloscope 
Uses the povver of your PC to 
visualize electrical signals. 

High sensitivity display resolu- 
tion (dovvn to 0.15mV), high 
bandvvidth and sampling fre- 
quency up to 1GHz. Easy set- 
| up USB connection. No exter- 
nal povver required! İn the field measurements using a 
laptop have never been this easy. Stylish vertical space 
saving design. Povverful free VVindovvs softvvare. 

Code: PCSU1000 - £246.00 ine VAT & Free UK Delivery 



Raspberry Pi Basic Learning Kit 
Contains 75 compo¬ 
nents and other useful 
accessories for your 
Raspberry Pi (not in¬ 
eluded) together vvith a 
handy storage case. 

Includes LCD & LED displays, solderless breadboard, 
GPIO expansion board, AD converter board and much 
more. 51 page electronic tutorial user manual. 

Code: VMP502 - £63.17 ine VAT & Free UK delivery 






PC USB Oscilloscope & Function Generator 
Complete USB-povvered Lab- 
in-a-Box! Free feature-packed 
softvvare for tvvo channel oscil¬ 
loscope, speetrum analyser, 
recorder, function generator 
and bode plotter. VVith the gen¬ 
erator, you can create your 
ovvn vvaveforms using the inte- 
grated signal vvave editör. For 
automated measurements, it is 
even possible to generate vvave sequences, using file 
or Computer RS232 input. 60MHz scope probe ineluded 
| Code: PCSGU250 - £135.60 ine VAT & Free UK Delivery 


m 50 
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Secure Online Ordering Facilities • Full Product Listing, Descriptions & Images • Kit Documentation & Softvvare Dovvnloads 
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Contests & Debates • Solar MPPT 
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- Part 2 • Arduino-Based Fridge 
Monitor And Data Logger • High 
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the BBC micro:bit - Part 1 • 
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PROJECTS • Micromite-Based 
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For Induction Motors • lOOdB 
Stereo LED Audio LevelA/U Meter 
- Part 2* 
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ln 2017 - Introducing The BBC 
micro:bit - Part 2 • Interface • Net 
Work • PIC n’ Mix • Circuit Surgery 
• Audio Out • Electronic Building 
Blocks • Max’s Cool Beans 
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PROJECTS • Touch-Screen Boat 
Computer With GPS • Fridge/ 
Freezer Alarm • Micromite Plus & 
The Explore 64* 
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Teach-ln 2017 - Introducing The 
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• PIC n’ Mix • Circuit Surgery • 
Audio Out • Max’s Cool Beans 


SEPTEMBER ’17 
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Interface 


DECEMBER ’17 


OCTOBER ’17 


PROJECTS * Precision Voltage 
and Current Reference With 
Touchscreen Control - Part 1 • 
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100 -Part 2* 

FEATURES • Techno Talk • Teach- 
ln 2018 - Get Testing! Electronic 
Test Equipment and Measurement 
Techniques - Part 1 • Net Work • 

PIC n’ Mix • Circuit Surgery • Audio 
Out • Max’s Cool Beans 
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PROJECTS * 50A Battery Charger 
Controller • Micropovver LED 
Flasher • Phono input Converter 
• Micromite Plus Advanced 
Programming - Part 1 • 

FEATURES • Techno Talk • Teach- 
ln 2018 - Get Testing! Electronic 
Test Equipment and Measurement 
Techniques - Part 2 • Net Work • 
PIC n’ Mix • Circuit Surgery • Audio 
Out • Max’s Cool Beans • Electronic 
Building Blocks 
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PROJECTS * Build Yourself 
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Voltage And Current Reference 
With Touchscreen Control - Part 2 
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MPLAB® Mindi™ 
Analog Simulator 

Microchip's Free Softvvare 
for Circuit Design 








MPLAB® Mindi™ Analog Simulator reduces Circuit design time and design risk by 
simulating analog circuits prior to hardvvare prototyping.The simulation tool uses a 
SIMetrix/SIMPLIS simulation environment, with options to use SPICE or piecevvise linear 
modeling, that can cover a very vvide set of possible simulation needs.This capable 
simulation interface is paired vvith proprietary model fileş from Microchip, to model 
specific Microchip analog components, in addition to generic Circuit devices. Finally, 
this simulation tool installs and runs locally, on your own PC. Önce downloaded, no 
internet connection is required, and the simulation run time is not dependent on a 
remotely located server.The result is fast, accurate analog Circuit simulations. 

Key Benefits 

► Perform AC, DC and transient analysis 

► Validate system response, control and stability 

► Identify problems before building hardvvare 
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Low-cost Asian modules 

This month, we have a double serving of our new series looking at 
very cheap pre-built electronic modules coming from China. They offer 
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electronic sub-systems that even a few years ago required considerably 
more expense and time to implement. 
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I have heard the criticism that such modules reduce electronics to little 
more than Silicon Lego, but I strongly disagree. I’m sure similar arguments 
were levied against op amps when they first came out - why learn how to 
make a decent amplifier when a 741 can be bought for peanuts? The answer, 
of course, is that such ‘Lego building blocks’ complement basic skills, they 
do not replace them. They offer you a chance to build faster and to build 
more sophisticated designs, but as always, to get the most out of any raw 
material - whether it is a humble resistor, or a complete microcontroller 
system - understanding the basics is vital for getting good results. Use these 
cheap modules, enjoy them but make sure you keep your core skills sharp 
and up to date! 

Back to the PIC n’ Mix future 

You will read at the end of this month’s PIC n’ Mix about Mike O’Keeffe’s 
latest project - Chris and Ethan - his newborn twins. VVe send him 
and his wife Ciara our congratulations and best wishes for 2018. Quite 
understandably, Mike has asked for a few month’s off from writing, and in 
April’s issue I’m delighted to report that Mike Hibbett, our previous PICn’ 
Mix columnist will make a return. (Yes, you only get to write the PIC n’ Mix 
column if you are called ‘Mike’!) 

I had a long discussion with Mike about what topic(s) he should choose and 
was really pleased that without any prompting he offered to write about 
a subject I have long wanted to see in EPE - the Fast Fourier Transform, 
thankfully ‘FFT’ for short. 



The underlying mathematics behind FFT is quite sophisticated, certainly 
university level, and we won’t concentrate too much on that, but what I do 
hope to achieve is a working design that enables readers to take advantage 
of this very useful algorithm. FFT is at the heart of digital spectrum 
analysers, digital filters and certain kinds of digital control systems. VVe 
won’t be able to replace a £10k Agilent spectrum analyser, but we should be 
able to offer something that is genuinely useful - and fun! 














Süper cheap PCs and a visit from Mr Fox - report by Barry Fox 


B uild a PC from component parts 
and Microsoft will charge you 
£120 to dovmload the Windows 10 
Home Operating System to make it 
work (http://bit.ly/2lmqNXV) . 

‘Free’ PC 

However, for the same price (or less) 
you can have a refurbished ex-office 
desktop with a legitimate copy of 
Windows 10 Home pre-installed, 
delivered to your door. I just did, 
for emergency use if my main PC 
is locked up doing upgrades, or has 
crashed... just when I might need it 
most. (See Micro Dream Ltd: http:// 
bit.ly/2lcq900) 

On the move on the cheap 

What about for those of you on the 
move? If you need something light 
and it wouldn’t be the end of the 
world if it were broken or stolen, 
then you can buy a brand new lap- 
top with Windows 10 Home, for 
around £200.1 borrowed a couple of 
them for a quick hands-on. 

The Asus VivoBook E203 11.6- 
inch laptop weighs less than lkg, is 
smaller than a piece of A4 paper and 
costs around £180. The spec is basic; 
Intel Celeron N3350 processor with 
2GB of Ram. It’s slow, of course, but 
has ali the basic necessities - USB 
3.0, HDMI, SD slot, Bluetooth, Wi-Fi 
and a webcam. I found the trackpad 

Free PC - for 
the same price 
as a new Wirı- 
dows licence, 
Micro Dream 
Ltd will seli you 
a refurbished PC 
with a legitimate 
copy of Windows 
10 Home pre- 
installed 


a bit sluggish, but a cheapo mouse 
easily fixes that. 

The Windows 10 Home Acer Swift 
1 has a 14-inch screen and rather 
higher spec; Intel Pentium Quad- 
core with 4GB RAM, but generally 
similar features - SD slot, Wi-Fi, 
USB 3.0 and HDMI. Battery life is 
better though. At £330 the price re- 
flects this, but if I needed something 
to take where I wouldn’t dare take 
my MacBook Pro, then the Acer 
would fit the bili nicely. 

The real cost 

But remember the old adage; it’s 
not the cost of new hardware that 
matters as much as the pain of get- 
ting it up and running as a working 
tool. Even with no-cost öpen source 
software such as Öpen Office, Gimp 
graphics editing, VLC video player, 
Windows Defender security and the 
free edition of the excellent Macri- 
um Reflect back-up (www.macrium. 
com/reflectfree) the time it takes to 
install and fine tüne everything can 
sap the will to live. 

With both laptops it took me many 
hours just to install ali the security 
updates every Windows PC needs 
when first set up ‘out of the box’. 
Just as you think you are finally 
done, the wretched thing is asking 
to install more updates, with more 
shut-downs, re-starts and dire warn- 
ings not to switch anything off and 
keep the mains power plugged in. 

No wonder so many Windows PCs 
are inadequately protected - their 
owners will do almost anything to 
bypass the updates needed to keep 
them protected. 

CCTV 

I have previously tested several DIY 
CCTV systems (mainly for nature 
cams), and recommended Arlo from 
Netgear. VVaterproof and wireless 



Mr Fox visits Mr Fox - a night vision 
screen grab from Blink 


with night vision, the cameras use a 
home hub to send email alerts. But 
Arlo is expensive; originally around 
£300 for a two-camera system. 

Now there is a similar wireless Sys¬ 
tem from Blink. The XT is weather- 
proof, also wireless with night vi¬ 
sion, and costs around £150. The XT 
is a very low power device, which 
should make battery life better than 
for Arlo. Both Arlo and Blink rely on 
Cloud storage and can be set to detect 
motion, record elips, send an alert, 
play the clip and offer live streaming. 

The big difference is that Blink is 
controlled only by smart phone apps, 
with no option to work with PC. Also, 
whereas Arlo sends email alerts, 
Blink sends alerts only to the mobile 
app. But at a recent London launch 
for the XT, Peter Besen, Blink CEO, 
confirmed the company is working 
on PC control and viewing and email 
alerts. Predictably, Arlo’s prices are 
now dropping towards parity. 

Knock, knock 

US company Ring selis the Video 
Doorbell, which shows who is at the 
door - even when the owner is miles 
away. As a visitor gets elose, an IR 
camera sends their image off to the 
Cloud and rings a smartphone app 
that then displays the image. When 
the doorbell is pressed, the app uses 
VOIP to let the owner see and speak 
with whoever is at the door. Ring 
costs around £100. 
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Süper cheap PC and a visit from Mr Fox - continued 


The makers have now done a deal 
with Selfridges to seli a $100,000 ver- 
sion, with profits going to UK chari- 
ties supporting the reformation of 
former criminals. 

Each of the ten limited-edition Jew- 
el Edition Video Doorbells is made of 
gold and encrusted with 2000 sap- 
phires and 40 diamonds. 


T he UK government has 
published its latest views on the 
implementation of the next iteration 
of mobile wireless Communications 
technology: Next Generation Mobile 
Technologies: An update to the 5G 
strategy for the UK. 

‘5G’ is the fifth generation of mo¬ 
bile Communications technologies, 
which is designed to deliver a step 
change of ultrafast, low latency, reli- 
able mobile connectivity that is able 
to support ever-larger data require- 
ments, as well as wide-ranging new 
applications such as smart cities, au- 
tonomous vehicles and the Internet 
of Things. 

The government has highlighted 
2020 as the year when commercial 
rollout of 5G should begin in the UK, 
with 95% geographic coverage of the 
UK by 2022. 

An interesting specific target set by 
the government is for high quality 
coverage on ali majör rail lines. The 
government has acknowledged what 
ali rail commuters have known for 
years - ‘relying on existing mobile 
operatör coverage, even if supple- 
mented by additional sites to infill 
poor coverage areas, is unlikely to de¬ 
liver a sufficient level of connectivity 
to passengers on trains to meet future 
needs. This is partly because cuttings 
and the topography of the rail cor- 
ridor mean that passengers are usu- 
ally below the line of sight of masts, 
which are often primarily placed to 


At the launch event in London, 
I suggested to the developer that I 
would be worried about leaving that 
much value outside on a doorstep, 
just asking to be stolen. 

‘Well, you will have a picture of 
the thief’, he said; somewhat naively 
trusting in every ne’er-do-well to for- 
get their balaclava! 


provide coverage in populated areas, 
rather than to rail passengers ... it is 
likely that trackside infrastructure 
will be required to deliver high qual- 
ity, reliable coverage in areas of high 
passenger demand.’ 

The Strategy lists four key steps 
necessary for delivering high-quality 
rail data: 

• Laying trackside fibre to provide 
the backbone of high-speed data 

• Mounting wireless devices on 
masts and other infrastructure 
along the rail corridor 

• Determining the radio access 
needs for delivering uninterrupted 
mobile connectivity, and ensuring 
the spectrum is made available 

• Relaying signals into train carriag- 
es via on-board equipment 

Trans Pennine initiative 

To test potential Solutions in a real- 
world environment, trials are planned 
for the Trans Pennine route. Track¬ 
side infrastructure will be deployed 
between Manchester and York, to en- 
able the testing of options for track-to- 
train connectivity. They will begin by 
the end of 2018 and will help build 
a scalable model to deploy trackside 
infrastructure across the rail network. 

The Trans Pennine route was chosen 
because of its challenging topography 
and the mix of passengers (commut¬ 
ers, day trippers, long/short-distance 
travellers), which will provide a good 
mix of real users to test demand. 


Happy 70th birthday to 
the transistor! 



The first transistor - the all-important 
semiconductor is a small (dark) slab of 
germanium immediately under the ‘point’ 
of the triangular contact. 

ard to believe, but just before 
Christmas 2017 the transistor 
turned 70. 

The modern electronic era, based on 
solid-state semiconductor devices, 
started back in December 1947, when 
research scientists John Bardeen, Wil- 
liam Shockley and VValter Brattain at 
Bell Laboratories announced the first 
working transistor. In their design, 
the researchers used germanium to 
create a ‘point-contact’ transistor. 

Although the germanium point- 
contact design did work, it was ex- 
pensive to make and prone to noise. 
These limitations meant that it was 
soon displaced by the now familiar 
bipolar ‘sandwich’ layout. Then, in 
1954, germanium was replaced with 
Silicon in the first commercial Silicon 
transistor manufactured by Texas In¬ 
struments (Tl). Just four years later, a 
Tl researcher, Jack Kilby, produced 
the first integrated Circuit. 

Since those early days there have 
been many different types of transis¬ 
tor, but the fundamentals have been 
remarkably durable. This ineredibly 
useful, scalable and flexible building 
block is now routinely manufactured 
by the billion in each microprocessor 
and high-capacity memory chip. 


Next-generation mobile technology for UK rail 
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Tired of VVaiting 
For Programming? 



MPLAB® ICD 4 Next-Generation 
Debuggerand Programmer 
Programs 2x Faster! 


Using a 300 MHz 32-bit MCU with 2 MB of buffer memory, the MPLAB® ICD 4 programs 
at tvvice the speed of its predecessor. Speed and flexibility are the most important 
factors vvhen selecting a debugging tool.The MPLAB ICD 4 reduces vvait time—and 
in turn—improves debugging productivity. VVith speed, compatibility, durability, 
comprehensive device support and the avvard-vvinning MPLAB X IDE, the MPLAB ICD 4 
is sure to help you win vvith your design. 

► Debugs tvvice as fast vvhen compared to the ICD 3 

► Robust metal enclosure vvith easy-to-read indicator light 

► VVider target voltage range than the ICD 3 

► Optional 1 amp of povverto target 

► Programmable adjustment of debugging speed for optimised programming 

► 4-wire JTAG compatible 



MPLAB ICD 4 
(DV164045) 
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www.microchipdirect.com 

www.microchip.com/ICD4 


The Microchip name and logo, the Microchip logo and MPLAB are registered trademarks of MicrochipTechnology Incorporated in the U.S.A. and other countries. Ali othertrademarks are the property of their registered ovvners. 
© 2017 Microchip Technology İne. Ali rights reserved. DS50002577B. MEC2171Eng08/17 








Super-scary 

superflares 


'TechnoTalk ~ 

k i 



Mark Nelson 


Climate change is the story you missed in 2017, argued one of Britain’s quality newspapers at the end 
of last year. İt seldom makes the headlines because so far its worst consequences have taken place 
thousands of miles away. Therefore, many folk assume it will never happen here, even though its effects 
make it an existential threat to life as we know it worldwide. But did you know we face another peril 
of equal and global dimensions that could destroy our electrical power grids, satellites, Internet and 
electronic devices? 


G RUDGINGLY, MOST OF THE 

governments around the world 
have now accepted the reality of 
climate change. Last October, a project 
involving 24 academic institutions 
and intergovernmental organisations 
from across the globe stated that the 
effect of climate change on human 
health is now so severe that it should 
be considered ‘the majör threat of the 
2İst Century’. Majör undoubtedly, but 
it’s not the only one. 

Frightening flare-up 

According to two senior scientists, ‘the 
most powerful superflares can serve as 
plausible drivers of extinction events’ 
and ‘the risk posed by superflares has 
not been sufficiently appreciated’. Is this 
sensationalism or wild exaggeration? 
I suspect the former, because these 
carefully moderated but absolutely 
authoritative statements were made by 
Harvard University professor Avi Loeb 
and postdoc candidate Manasvi Lingam. 
They have calculated with academic 
precision how much havoc and 
destruction a solar hare might wreak, 
the possible likelihood and timing of 
a superflare, our key vulnerabilities 
and what mitigation measures should 
be taken. Before we check out their 
findings it might help to explain the 
nature and origin of superflares. 

A superflare is an exceptionally large 
example of a solar hare, which are 
sudden flashes of increased brightness 
of the sun. Solar flares generate a very 
broad spectrum of emissions, ejecting 
clouds of electrons, ions and atoms, 
along with electromagnetic radiation 
into outer space. It normally takes 
only a day or two for this ejecta to 
reach Earth. 

Damaging effects 

The greatest potential harm from 
these energetic bursts of ultraviolet 
radiation and high-energy charged 
particles would be the destruction 
of our ozone layer, causing 
DNA mutations and disrupting 
ecosystems. As Loeb explains, ‘The 
sun is usually thought of as a friend 
and the source of life, but it could 


also be the opposite. It just depends 
on the circumstances.’ 

Global infrastructure is also at risk, 
as was demonstrated during the 
most significant solar hare in recent 
history. This was the so-called ‘Solar 
Storm’ or ‘Carrington Event’ that took 
place in 1859, when the hare was 
visible to a naked eye. It produced 
stunning red, green, and purple 
auroras down to tropical latitudes 
such as Cuba or Hawaii, which were 
of such brilliance that newspapers 
could be read easily in daylight. More 
seriously, the abnormally high levels 
of electromagnetic radiation induced 
dangerously high voltages in telegraph 
wires, rendering them inoperable. 
In North America, for instance, a 
telegraph operatör was severely 
shocked when he accidentally 
touched an earth terminal causing an 
arc to strike between his forehead and 
the telegraph equipment. The next 
day, telegraphists discovered they 
could disconnect their batteries and 
stili transmit messages using only the 
induced current from the sky. 

Scientists scared 

The Business Insider UK website States 
that if a Carrington Event happened 
today, the world would likely have 
to deal with the simultaneous loss of 
GPS, cellphone reception, and much 
of the power grid. VVithout satellite 
guidance aircraft fleets might have to 
be grounded globally. Unprotected 
electronic infrastructure could fail 
outright. According to Loeb, a modern 
Carrington Event could cause about 
$10 trillion of damage to power grids, 
satellites and Communications. A hare 
just a bit stronger could even damage 
the ozone layer. 

‘Back then, there was not very much 
technology so the damage was not 
very significant, but if it happened 
in the modern world, the damage 
could be triBions of dollars. A hare 
like that today could shut down ali 
the power grids, ali the computers, 
ali the cooling systems on nuclear 
reactors. A lot of things could go 
bad,’ Loeb explained. 


Serious risk? 

Loeb and Lingam theorise that the 
next big solar hare will occur within 
the next 100 years or so, with a 12 
per çent chance of it happening in 
the next decade. Asteroid impacts 
command ali the attention when 
it comes to life-threatening space 
events, but after matching geological 
and solar observation data, the two 
scientists found that superflares 
would be just as deadly and are 
equally likely. 

Mitigation measures might reduce 
the risk, but at a cost. Their proposed 
solution is a ‘magnetic deflector’ 
placed at a certain distance away 
from the Earth. Taking the form of 
a giant wire loop, its construction 
would make it a challenging project. 
Equally demanding would be 
devising an energy source to maintain 
the current flowing though the giant 
coil; although, in principle, it could 
be extracted from the sun by setting 
up photovoltaic panels in space. 

Reality checks 

Loeb and Lingam say the total cost 
involved in lifting a 105-ton object 
into space would be around $100 
billion, assuming that the payload 
cost per kg is $1000. This value is 
comparable to the total cost of the 
International Space Station, and is 
three to four orders of magnitude 
lower than the current world GDP 
or the economic damage from a hare 
around 100 years hence. 

However, Gregory Laughlin, an 
astrophysics professor at Yale 
University, is not convinced. Tm not 
lying awake in bed at night worrying 
about solar superflares,’ said Greg 
Laughlin from the Department of 
Astronomy at Yale University. ‘But 
that doesn’t mean that someone 
shouldn’t be worrying about it,’ he 
adds. ‘I think that seriously diverting 
resources to build a wire loop in space 
would not be the best way to spend 
money. But thinking more about how 
solar superflares work and getting a 
sense of how our sun fits in with its 
peers would be a very valuable effort.’ 
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Want to build a walk-âround throttle for your model railway layout? This design 
is easy to build, yet provides useful features such as adjustable inertia, emergency 
braking and PWM control. It features a separate hand controller which you can 
plug into various sockets around your layout. 


throttle 
for model railways 


W hile Digital Command Control 
(DCC) is the bee’s knees for large 
model railway layouts, a simple walk- 
around throttle is ali you need for 
smaller layouts. And of course, there 
is nothing to stop you using this con¬ 
troller on a large layout, as well. 

The benefit of a speed controller with 
a hand-held walk-around controller 
is that you can plug it into sockets at 
various points around your layout. This 
Stationmaster design by Bob Sherwood 
uses cheap, readily available Telecom- 
style RJ sockets and plugs. Your layout 
can have one socket or many, depend- 
ing on how many you want, and you 
can use Standard hat or curly leads. 


Chances are you already have a spare 
AC or DC power supply that would be 
suitable to run the Stationmaster. Any- 
thing from 12V DC or 10VAC at İA up 
to 25V DC or 18VAC at 5A would do 
the job. İA will be plenty for a single 
locomotive, but if you’re planning to 
run several on the same tracks, you will 
need at least two or three amps. 

If you already have a train con¬ 
troller but it’s a variable DC output 
type, you will want to upgrade to the 
Stationmaster because as you have 
probably noticed, any time the 
locomotive hits a dirty section of track 
at a low DC voltage, it tends to slow 
down, lurch or even stop. That’s much 


less of an issue with PWM (pulse 
width modulation) drive because you 
will be applying higher peak voltages 
to the track. 

The PWM voltage is applied to the 
track by an H-bridge IC. The opera- 
tion of an H-bridge is shown in Fig.l, 
and four possible switch conditions 
are shown. Here we are showing the 
H-bridge as comprising four switches, 
although in the Stationmaster they are 
of course N-channel MOSFETs. 

Fig.l (a) shows the default State with 
ali switches off. In this State the mo¬ 
tor is not connected to anything, and 
so if the locomotive is moving, it will 
continue to move but will slow down 
naturally due to friction in the wheels, 
gearing and motor. If the locomotive 
is not moving, it would be possible to 
push it along the track and it may roll 
down a steep grade on its own. 

In Fig.l(b), switch.es Sla and S2b 
are closed. One end of the motor is 
connected to the positive supply and 
the other end to ground, so the motor 
is driven in one direction. In Fig.l (c), 
the opposite pair of switches is closed, 
and so the motor drive polarity is re- 
versed and the motor will rotate in the 
opposite direction. 


[R^SiaîûDf©© OtJûCo] 


• VValkaround hand controller 

• Controls: forvvard/reverse, speed, inertia (momentum), emergency brake 

• Indicators: povver on, forvvard/reverse drive, track voltage indicators 

• Short-circuit protection 

• Output current: up to 3.5A; adjustable current limit 

• Supply voltage: 12-25V DC, 10-18VAC 

• Ouiescent current: 20mA 

• PWM freguency: ~8kHz 


12 


Everyday Practical Electronics, March 2018 











In Fig.l(d), switches Slb and S2b are 
closed, and so the motor is effectively 
shorted out. This will provide signifi- 
cant braking. If the locomotive is mov- 
ing, it will quickly come to a halt and 
if it is stationary, it will be difficult to 
move and will not roll down a steep 
grade. If the opposite set of switches 
were closed (ie, Sla and S2a), the ef- 
fect would be the same. 

Ali four switches plus the control 
logic and gate drive circuitry in the 
Stationmaster are integrated into a sin- 
gle IC, a Texas Instruments DRV8871 
H-bridge. One important feature of this 
IC is that it contains protection logic 
to prevent the wrong pair of switches 
from being closed, resulting in the 
power supply being shorted out. 

Speed control is achieved by switch- 
ing rapidly between the configuration of 
Fig.l(a) andeither ofFig.l(b) orFig.l(c), 
depending on the direction of travel. 

The more time the H-bridge spends 
in the State of Fig.l(a), the lower the 
locomotive speed. With a PWM control 
scheme, the rate at which the H-bridge 
alternates between these configura- 
tions is fixed and speed is controlled 
by how much time it spends in the 
two States. The percentage of the time 
where voltage is applied to the tracks 
is known as the duty cycle; a higher 
duty cycle results in a higher speed. 

Circuit description 

The complete Stationmaster circuit 
is shown in Fig.2; it consists of two 
main sections. On the left is the PWM 
waveform generation circuitry and 
on the right, the DRV8871 H-bridge 
IC and associated components, to 
provide the high-current drive to the 
locomotive tracks. 

The PWM-generation circuitry is 
based on ICl, a TL084 and IC2, an 
MC14584 hex schmitt trigger inverter. 
Two of the op amp stages, ICla and 
IC2b, combine to form an ~8kHz 
triangle-wave generator. IClb is 
configured as an integrator, with its 
pin 5 non-inverting input connected 
to a 2.5V half-supply rail derived from 
the 5V rail via two 2200 resistors and 
a lpF filter capacitor. 


When its pin 6 inverting input is 
above 2.5V, the output voltage at pin 7 
drops at a constant rate, whereas when 
the pin 6 input is below 2.5V, the out¬ 
put voltage at pin 7 rises at the same 
rate. Op amp stage ICla is configured 
as a comparator with hysteresis, and 
its output is low when its pin 3 input 
is below 2.5V and high when its input 
is above 2.5V. 

This input is fed via a divider from 
the output of IClb, with the other end 
of the divider connected to its pin 1 
output. So essentially, this completes 
the feedback path causing IClb to oscil- 
late, as well as defining the amplitude 
of the triangle wave it produces, by the 
ratio of the lkQ and 3.3kQ resistors. 

When output pin 1 of ICla is low, at 
say 0.9V, output pin 7 of IClb will need 
to rise above 3V in order to switch the 
output of ICla high. You can confirm 
this by calculating the voltage at pin 
3 (in the middle of the divider): ((3V x 
3.3kQ) + (0.9V x lkQ)) ^ (3.3kQ + lkQ) 
= 2.5IV. Similarly, when output pin 1 
of ICla is high, at say 4.05V, output pin 
7 of IClb will need to fail below 2V 
in order to switch the output of ICla 
low; ((2V x 3.3kQ) + (4.05V x lkQ)) -f 
(3.3kQ + lkQ) = 2.48V. 

So these will be the approximate 
maximum and minimum voltages of 
the triangular waveform at output pin 
7 of IClb, with a maximum of around 
3 V, a minimum of around 2 V and thus 
a peak-to-peak voltage of around IV. 

The actual waveforms produced by 
the prototype are shown in the oscil- 
loscope grab of Fig.3. The waveform at 
pin 1 of ICla is the green trace, while 
that at pin 7 of IClb is the blue trace. 
As you can see from the measurements 
at the bottom of the screen, the actual 
peak-to-peak voltage of the triangle 
wave is 880mV and the frequency is 
9.43kHz (the actual frequency will 
vary depending on circuit tolerances, 
but it is not critical). 

The triangular wave is converted 
into a variable-duty-cycle PWM signal 
by comparing its amplitude to that of a 
DC control signal, which varies some- 
where between its minimum and max- 
imum voltages. The higher the control 


signal voltage, the higher the PWM 
duty cycle. However, the situation is 
complicated by the fact that we need 
to be able to drive the locomotive in 
either direction and that we also need 
a ‘dead band’ when the speed pot is set 
somewhere around the middle, where 
there is no drive at ali. 

This situation is handled by using 
two comparators along with two trian¬ 
gle waveforms that have slightly dif- 
ferent DC levels. The other two stages 
of op amp ICl - ie, IClc and ICld - 
are used for these comparators, and 
the waveform from the pin 7 output 
of IClb is coupled to two of their in- 
puts (pins 9 and 12) via lOOnF capaci- 
tors. The DC bias for these two pins is 
provided by a resistor network across 
the 5V supply comprising two 47kQ 
fixed resistors, an 18kQ resistor and 
20kQtrimpot (VRl) whichis connected 
as a rheostat (ie, variable resistor). 

Thus, input pin 9 of IClc has a DC 
levelbetween 2.84V and 3.22V, while 
input pin 12 of ICld has a DC level 
between 1.78V and 2.16V, depending 
on the setting of VRl. The average of 
these two voltages will be very close 
to the 2.5V half-supply rail. The fur- 
ther apart these two voltages are, the 
larger the ‘deadband’ willbe, allowing 
the speed control potentiometer to be 
rotated över a larger part of its range 
without any drive to the locomotive. 

This adjustment is necessary to al- 
low for variations in the amplitude 
of the triangle waveform; VRl is ad- 
justed until the waveforms no longer 
overlap, so that there is no drive to the 
locomotive tracks with the speed pot 
in its Central position. 

Also, there’s no guarantee that when 
its speed pot is in its half-way position, 
it will necessarily be at exactly half 
its nominal resistance value. Indeed, 
if using a pot with a Central detent, it 
would be very annoying if the loco 
slowly moved in one direction or the 
other. So the dead band needs to be so 
that the loco tracks get no drive with 
the speed pot at its half-way point. 

The two DC-biased triangle wave- 
forms can also be seen in Fig.3, with 
pin 9 of IClc in yellow and pin 12 of 


Fig.l: four of the five possible 
configurations of an H-bridge (the 
fifth is not used in our application). 
The voltage across the motor and 
the current flow path is shown, 
assuming a nominal 12 V DC 
supply. In case (d), the current 
flow direction depends on the 
direction of motor rotation at the 
time of braking. The switches are 
usually discrete MOSFETs (they 
may also be internal to an IC) as in 
the Stationmaster. 
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Fig.2: the complete Circuit diagram for the Stationmaster, with the hand controller circuitry shown in the box at lower left. 
ICla and IClb generate a triangle waveform at around 8kHz, and IClc and ICld compare this to the control signal from 
speed pot VR2. The outputs of IClc and ICld are PWM signals which are squared up by schmitt trigger inverter IC2 and fed 
to H-bridge IC3 to drive the tracks. 


ICld in mauve. As you can see, VRl 
has been adjusted so that the minimum 
voltage of pin 9 is above the maximum 
voltage of pin 12. 

Speed, inertia and brake Controls 

The speed, inertia and brake Controls 
consist of two pots and a momentary 
switch, and are usually mounted in the 
separate hand controller unit which 
is attached to the main board by a tel- 
ephone cable. 

Normally, a two-metre cable is about 
right; however, you can use a longer 
or shorter cable if necessary. There are 
provisions to mount these Controls 
inside the main unit; however, we 
won’t go into details about that option 
since we think most people will want 
to use the hand controller for walk- 
around operation. 

The Controls are shown at lower 
left in the Circuit of Fig.2. Speed con¬ 
trol pot VR2 is effectively connected 
across the 5V supply with padding 
resistors at either end to limit the volt¬ 
age at its wiper so that it varies över 


an appropriate range to go from full 
speed in the forward direction to full 
speed in reverse, without too much 
of a dead zone at either end. 

The inertia potentiometer is wired 
as a rheostat (variable resistor) and is 
in series with the return signal from 
the speed pot’s wiper. The other end of 
the inertia pot is fed to a pair of 2.2pF 
capacitors on the main board, via a 
10kQ fixed resistor, so the higher a 
resistance the inertia pot is set to, the 
more slowly the voltage across these 
2.2pF capacitors change. This simu- 
lates a locomotive with more inertia 
(mass), so its speed will change more 
slowly when the speed pot is rotated. 

Brake switch Sl bypasses both the 
speed and inertia pots and connects 
the 2.5V mid-rail supply directly to the 
10kQ capacitor, which rapidly charges/ 
discharges the 2.2pF capacitors on the 
main board until the locomotive has 
stopped and it will remain stopped until 
the brake switch is released; if the speed 
pot is at its midpoint after the brake is re¬ 
leased, the loco will not move off again. 


Note that braking is not instant, as 
this may cause the locomotive(s) to de- 
rail, but it will stop the loco(s) signifi- 
cantly faster than simply winding the 
speed pot back to its Central position. 

Track drive 

The output of op amp (comparator) 
IClc goes high when the speed control 
signal at its pin 10 non-inverting input 
is above the triangle waveform at its 
pin 9 inverting input. Thus, its output 
duty cycle increases with clockwise 
rotation of the speed pot. 

Similarly, the output of op amp 
(comparator) ICld goes high when the 
speed control signal at its pin 13 in¬ 
verting input is lower than the triangle 
waveform at its pin 12 non-inverting 
input. Thus, its output duty cycle in¬ 
creases with anti-clockwise rotation 
of the speed pot. 

As stated earlier, VRl is adjusted 
so that the output of both compara- 
tors remain constantly low with the 
speed pot at its halfway point. This 
condition is shown in the scope grab 
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Fig.3 the blue trace is the triangle waveform at pin 7 of IClb. 
It has a frequency of 9.43kHz and an amplitude of 880mV 
peak-to-peak. The yellow and mauve traces are the DC- 
shifted versions of this waveform at pins 10 and 13 of ICl 
respectively. The green trace shows the pulse applied to pin 
6 of IClb which is in-phase with the triangle waveform and 
has a maximum voltage of 4.31V and minimum of 1.31V, 
limited by the drive capability of the op amp. 
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Fig.4 (right): the same voltages from pins 10 and 13 of ICl are 
shown here but the blue trace now shows the reference voltage 
from speed pot VR2. Since it is below the yellow trace and 
above the mauve trace, no drive is applied to the tracks and 
the PWM output at pin 4 of IC2b, shown in green, is a flat line 
(ie, there is no PWM signal to tracks). 

of Fig.4. The blue trace is the reference voltage from speed 
pot VR2. Since it is below the yellow trace and above the 
mauve trace, no drive is applied to the tracks and the PWM 
output at pin 4 of IC2b, shown in green, is a flat line. 

Drive from both op amps (comparators) is fed to four of 
the six schmitt trigger inverter stages of IC2. IC2a and IC2f 
invert these signals and then drive LEDl and LED2, which 
have a common 220Q current-limiting resistor. Hence, as 
the locomotive moves faster in the forward direction, LEDl 
lights up brighter (as it has a higher duty cycle) and simi- 
larly, the brightness of LED2 indicates the drive speed in 
the reverse direction. 

The remaining four inverter stages are wired up in two 
series pairs, effectively forming buffers to square up the 
signals from IClc and ICld, and pass them to the inputs 
of integrated H-bridge IC3. 

With İNİ and IN2 (pins 3 and 2) of IC3 both low, there 
is no output drive. With İNİ high, OUTl (pin 6) is driven 
high while OUT2 (pin 8) is driven low. With IN2 high, 
OUTl is driven low while OUT2 is driven high, reversing 


1 double-sided PCB available from the EPE PCB Service, 
coded 09103171,143.5 x 50.5mm 
1 flange mount ABS box, 125 x 80 x 35mm 
1 panel label, 50 x 92mm 

1 20kO single-turn horizontal PCB-mount trimpot (VR1) 

2 No.4 x 5mm self-tapping screvvs 

2 2-way 6.35mm PCB-mount terminal blocks 
(CON1,CON3) 

1 PCB-mount DC Socket, 2.1 mm or 2.5mm İD (CON2) 

1 6P4C RJ14 low-profile PCB-mount modular socket 

(CON4) 

2 14-pin DILsockets (optional) 

10 PCB stakes (optional) 

Semiconductors 

1 TL074 quad JFET-input op amp (ICl) 

1 MCI 4584 hex schmitt trigger inverter (IC2) 

1 DRV8871 H-bridge IC (IC3) 

1 78L05 100mA5V linear regülatör (REG1) 

1 400V 4/6Avertical PCB-mount bridge rectifier (BR1) 

2 3mm yellovv LEDs (LEDl ,LED2) 

1 3mm red LED (LED3) 

2 3mm green LEDs (LED4,LED5) 

Capacitors 

3 IOOOjl/F 25V lovv-ESR electrolytic capacitors 

1 10jLvF6Vtagtantalum capacitor 

2 2.2/jF 50V multi-layer ceramic capacitors 
2 IjlvF 50V multi-layer ceramic capacitors 

1 IjlvF 25V X7R SMD ceramic capacitor, 2012/0805 size 

2 lOOnF 50V multi-layer ceramic capacitors 
1 10nF 50V MKT capacitor 

Resistors (ali 0.25W, 1%) 

210MQ 2 47kO 1 22kO 1 18kQ 

1 10kO 1 3.3kQ 3 2.2kQ 1 1kW 

3 220W 

Additional parts for hand controller 

1 PCB available from the EPE PCB Service, coded 
09103172, 98 x 40.5mm 

1 light grey ABS instrument case, 160 x 60 x 30mm 
1 panel label, 51 x 94mm 

1 6P4C RJ14 low-profile PCB-mount modular socket 
(CON5) 

1 PCB-mounttactile svvitch with 22mm long actuator (SI) 

1 lOOkfl 16mm potentiometer with centre detent (VR2) 

1 1MQ 9mm vertical PCB-mount potentiometer (VR3) 

1 buttoncap(forSI) 

1 33mm black 1/4-inch shaft knob with white marker (for 
VR2) 

1 11 mm black 18 tooth spline plastic knob (for VR3) 

4 No.4 x 5mm self-tapping screvvs 
8 M3 nylon hex nuts 

3 50mm lengths of light duty hookup vvire 
1 2m RJ14 to RJ14 telephone cable 

Resistors (ali 0.25W, 1%) 

1 56kfl 1 47kfl 1 10kQ 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2018. 
www.siliconchip.com.au 
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Fig.5 (left): the same traces as in Fig.4, but now the speed pot has been rotated clockwise, increasing the reference voltage 
(shown in blue). When the yellow waveform is below the blue reference voltage, the PWM output at pin 4 of IC2b, shown in 
green, increases to 5V and it drops back to OV when the yellow and blue waveforms cross again. Tİıus, as the speed pot is 
rotated further clockwise, the PWM pulses at pin 2 of IC3 (IN2) increase in duty cycle. 


Fig.6 (right): now speed pot VR2 has been rotated anti-clockwise past its centre position, so the reference voltage, shown in blue, 
has now dropped low enough to intersect with the mauve waveform. The green trace now shows output pin 6 of IC2c, which 
feeds input İNİ (pin 3) of IC3. Note that the positive edge of the PWM pulses is now delayed compared to the Crossing point, 
due to the limited bandwidth of op amp ICl; however, the speed pot can stili be used to adjust the PWM duty cycle. 


the locomotive. And with İNİ and IN2 
both high at the same time, both out- 
puts are driven low to provide motor 
braking; however, that feature is not 
used in this Circuit. 

PWM output waveforms 

We previously referred to the scope 
waveforms of Fig.3 and Fig.4, with the 
latter showing the condition where the 
speed control pot VR2 is centred, so 
there is no output at pin 2 of IC3 (IN2, 
green), nor at pin 3 (INI, not shown). 

In Fig.5, we have rotated VR2 partway 
clockwise and this has caused the con¬ 
trol voltage (blue trace) to rise to 2.82V. 
As a result, pulses now appear at pin 
2 of IC3 (IN2, green) with a duty cycle 
of 28.8%. You can see that the leading 
edges of these pulses correspond to the 


point where the yellow trace dips be- 
low the blue trace and the trailing edges 
are where they cross över again, so the 
higher the blue (control) voltage, the 
greater the applied duty cycle will be. 

Fig.6 shows the situation with VR2 
rotated anti-clockwise from its Cen¬ 
tral detent, reducing the control volt¬ 
age (blue trace) to 1.72V. The green 
trace now shows the voltage at pin 3 
of IC3 (INI) which has a duty cycle of 
44.8% and the edges correspond to 
the points where the blue and mauve 
traces intersect. 

H-bridge IC details 

The internal block diagram of the 
DRV8871 IC is shown in Fig.7. It has 
four internal N-channel MOSFETs 
with parallel diodes that form the H- 


bridge which drives the motor; the Cir¬ 
cuit blocks to control the MOSFETs’ 
gates; the charge pump to generate the 
required high-side and low-side gate 
drive voltages; and the various control 
and protection units within. 

This IC has a current-limiting facil- 
ity which both protects it from damage 
and also helps the unit withstand acci- 
dental short circuits across the track, as 
will inevitably happen on any model 
layout, particularly when a locomo¬ 
tive is derailed. The maximum output 
current depends on the value of R LIM 
which connects between the I LIM pin 
and ground. The IC is rated for up to 
3.6A peak, so a current limit of around 
3A, as set by R LIM = 22kQ is quite safe. 

Should IC3 overheat due to extended 
high current delivery, it will automati- 
cally shut down until it has cooled 
sufficiently and then resume operation. 
IC3 also has an internal ‘dead time’ 
delay to prevent cross-conduction of its 
internal MOSFETs, which means that 
the driving circuitry can change the 
State of inputs INI and IN2 at any time 
without any chance of damaging the IC. 

Referring back to Fig.2, IC3 also has 
an SMD ceramic lpF bypass capaci- 
tor to help stabilise the output voltage 
and provide a relatively clean square 
wave for driving the motor. Note that 
IC3 has integral diodes between each 
output and the two supply rails, to 
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Fig.8: PCB overlays for the main PCB 
and hand controller PCB. Follow these to 
build the two boards. There are only two 
SMD components, IC3 and its lpF bypass 
capacitor, both on the main board. The 
empty component positions in the lower 
left corner of the main board are there to 
allow the Controls to be mounted in the 
same box as the main board and are left out 
if built with the hand controller, as shown 
here. Don’t forget to install the wire link 
in place of the internal/external switch. 


clamp any inductive spikes from the 
locomotive motor(s). It is purpose- 
designed for driving motors. 

LED4 and LED5 are connected 
across the track outputs in oppo- 
site directions with 2.2kQ current- 
limiting resistors and so normally echo 
the brightness of LEDl and LED2 re- 
spectively. However, if there is a short 
across the track, LED1/LED2 will stili 
light, while LED4/LED5 will be off or 
dim. Note that LED4 and LED5 are lo- 
cated near the output terminal and are 
visible with the lid on the case. 

Power supply 

The power supply is quite simple and 
accepts either 10-15VAC or 12-19VDC. 
Actually, ali the components should 
survive with a supply as high as 25V 
DC or 18VAC, should you wish to push 
it close to its limiting values. 

LED3 is connected directly across 
the inputs and so will light solidly 
with a DC input or flicker with reduced 
brightness at 50Hz with an AC input. 
Either CONl, a 2-way terminal block, 
or CON2, a DC barrel connector can 
be used. We suggest you stick with the 
terminal block if your power supply 
is rated at more than 2A. 

The input supply is rectified by 
bridge rectifier BRl and this means 
that with a DC supply, the polarity 
of the connection is not important. 
The output of the rectifier is filtered 
with two parallel lOOOpF capacitors, 
smoothing any ripples in the DC and 
also providing AC-to-DC conversion if 
required (in combination with BRl). 
The resulting DC is fed straight to the 


motor controller IC (IC3) and also to 
the input of 5V regülatör REGl. 

REGl has a lpF input bypass capaci¬ 
tor and lOpF tantalum output filter ca¬ 
pacitor, and supplies IC2, IC3 and the 
two divider networks. 

Construction 

The Stationmaster is built on two 
PCBs. The main board is coded 
09103171, measures 143.5 x 50.5mm 
and hosts most of the components. 
The hand controller board is coded 
09103172, measures 98 x 40.5mm and 
is fitted with the components shown 
in the yellow box in Fig.2. Both of 
these boards are available from the 
EPE PCB Service. 

Use the overlay diagrams in Fig.8 as 
a guide to construction, which is quite 
straightforward. The only slightly 
tricky component is IC3, which is only 
available in a surface-mount package, 
so start by soldering this. It has the ad- 
ditional twist that the underside of the 
IC features a metal pad which needs 
to be soldered to the PCB to provide 
sufficient heatsinking. 

If you have a hot air rework station, 
ali you need to do is apply a thin layer 
of solder paste to the Central pad and 
eight pins for IC3, drop the IC in place 
(ensuring its pin 1 dot is oriented as 
shown in Fig.8) and then gently heat 
the IC until ali the solder reflows. 
You can check that the solder under- 
neath the IC has melted properly by 
examining it from the underside of 
the board through the three large vias 
positioned under IC3, önce the board 
has cooled sufficiently. 


If you don’t have a hot air tool, 
we suggest you place a thin layer of 
solder paste (or at a pinch, flux paste) 
on the Central pad for IC3, then 
position it as explained above and tack 
solder one of the eight pins using a 
regular soldering iron. 

Check that the IC is sitting flat on 
the board and properly positioned 
över its pads, and then solder the 
remaining pins. Next, refresh the first 
pin which was tack-soldered. If any 
bridges form between its leads, clean 
them up using solder wick. 

You can then flip the board över and 
melt some solder into the three large 
vias under the IC. Leave the iron in 
contact with this pad for a few seconds 
to ensure that the new solder remains 
molten and sufficient heat conducts 
through to the other side of the board to 
reflow the solder paste. That should do 
the trick and you can then remove any 
excess solder on the underside pad us¬ 
ing a solder sucker or some solder wick. 

There are also two small sets of SMD 
pads on either side of IC3, and the one 
to lower right is for the lpF bypass 
capacitor. This is pretty easy to sol¬ 
der, simply tack solder one end, wait 
for the solder to cool, solder the other 
end (being careful to ensure the solder 
flows onto both the PCB pad and the 
end of the capacitor) and then apply 
fresh solder to the first joint. 

Through-hole parts 

With IC3 in place, the rest is pretty 
straightforward. Fit the 15 small resis¬ 
tors in the locations shown in Fig.8. It’s 
a good idea to check the values with a 
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DIMENSIONS SÜİT ALL DIMENSIONS 

ALTRONICS H0121 ABS BOX İN MILLIMETRES 



PULSE-WIDTH MODULATED 
MODEL RAILWAY TRACK CONTROLLER 


Input 

10-15VAC 
12-19V DC 


To 

Tracks 




Fig.9: drilling and cutting diagrams 
for the main box. The top panel 
drilling template can also be used as 
the panel label. 


DMM before fitting as the colour bands 
can be hard to identify accurately. 

If you are using IC sockets, now is a 
good time to install them, making sure 
to orient the notches as shown in the 
overlay diagram. Otherwise, solder 
the other two ICs directly to the PCB, 
but be careful to make sure that you 
don’t get them mixed up and that the 
pin 1 dot goes in the location shown. 

Next, install ali the small capacitors. 
The values are indicated on the over¬ 
lay diagram. The capacitors of lpF and 
above have a polarity (+) indicator, but 
do note that only the lOpF capacitor 
is actually polarised and this should 
have a matching + sign printed on its 
body, which must be lined up with 
that on the PCB. 

LEDs 3-5 can now be fitted, taking 
çare to orient them with the hat side 
of the lens/shorter lead (cathode) to 
the right/bottom of the board, where 
indicated with ‘K’ on the PCB overlay. 
These are pushed ali the way down 
onto the PCB before being soldered 
and the leads trimmed. 

You can now fit the PCB stakes if you 
want to; however, it isn’t necessary and 


you can simply probe these pads with 
DMM leads if you want to troubleshoot 
the Circuit. 

No w mount trimpot VRl and regü¬ 
latör REGl. You will need to crank 
REGl’s leads to fit the solder pads, 
and make sure it goes in the right way 
around, with its flat face towards the 
nearest edge of the PCB. Note that a 
7805 regülatör can be used instead, 
and in this case, its metal tab faces the 
edge of the PCB. 

Next on the list are DC connector 
CON2 and RJ12 connector CON4, both 
of which should be pushed ali the way 
down onto the PCB before you solder 
their pins. You can then follow with 
terminal blocks CONl and CON3, 
which must be fitted with their wire 
entry holes towards the right edge of 
the board. 

Next, fit BRl, with its chamfered 
corner towards the top edge of the 
board. It should also have a + sign 
on the body of the device which you 
can line up with the polarity marker 
on the PCB. The three lOOOpF capaci¬ 
tors can go in next, being careful to 
ensure that the longer (+) lead goes 


through the pad marked + in 
each case. 

Now install LEDl and LED2. 
If you want these to be visible 
through the panel label on the 
lid of the box, fit them with the 
bottom of each lens 21mm above 
the top surface of the PCB. 

However, these are really 
only necessary for diagnostic 
purposes, so you could just 
solder them flat on the PCB 
like the others. As before, the 
cathode side (shorter lead) is 
indicated in the overlay with 
a ‘K’, and this should line up 
with the flat side of the lens. 

The main PCB is now com- 
plete and you can move on to 
building the hand controller. 

Hand controller assembly 

There aren’t many components 
on this board. First, solder the 
three small resistors in place, 
then fit the RJ12 connector in 
the same manner as you did 
for the main board. Having 
done that, solder Sl and VR3 
in place after making sure they 
have been pushed down fully 
onto the PCB. 

For VR2, you can use a simi- 
lar pot to VR3; however, it’s 
better if you use the 16mm pot 
with centre detent, as specified 
in the parts list. In this case, 
the pot is be mounted on the 
case and attached to the PCB 
via three short (~50mm) flying 
leads. Refer to the photo above right 
to see how the wiring is done. 

Completing the hand controller 

The next step is to prepare the two 
cases to accept the boards. For the 
hand controller, this is simply a mat- 
ter of drilling three holes in the lid for 
the two pots and pushbutton shaft to 
poke through. 

You can download the panel label 
artwork from the EPE website and use 
this as a drilling template; or copy 
Fig.10. The hole for the 9mm pot 
should be drilled to 7mm, and 8mm 
for the 16mm potentiometer. Ideally, 
you should also drill a 3mm hole for 
the latter pot’s locking tab, although 
you can simply snap this off (but then 
you will need to do its nut up tight to 
stop it rotating). 

Having done that, print and affix 
the panel label (see the link below 
Fig.10 for suggestions on how to do 
this) and cut out the holes with a 
sharp hobby knife; there’s no need 
to make a hole for the pot’s locking 
tab, as this will not protrude through 
the case. 
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DIMENSIONS SÜİT ALL DIMENSIONS 

ALTRONICS H0216 ABS BOX , İN MILLIMETRES 


2.5 


Fig.10: drilling and cutting diagrams for the 
hand controller. As with the main box, the top 
panel drilling template can also be used as the 
panel label. 


Ifyou want to make your own label for either of the cases we have a short 
description on our website on printing A4-sized synthetic sticky labels 
here: www.siliconchip.com.au/Help/FrontPanels 




Now cut and/or file a rectangular 
hole in the case end panel, as shown 
in Fig.10. You can then insert this into 
the appropriate slots and affix the hand 
controller PCB to the integral posts in 
the bottom of the case using four small 
self-tapping screws. Note though that 
you need to place two M3 nylon nuts 
on top of each of these posts before in- 
serting the screws; these act as spacers 
to get the modular socket to just the 
right height. 

It’s then simply a matter of insert- 
ing the other end panel into the case, 
placing the lid on top, using the four 
supplied screws to join the two halves 
of the case together and then attaching 
the two knobs and the button cap for 
Sl. The knob for VR3 and the button 
cap for Sl are simply pressed on and 
held by friction (note that you will 
need to use the grub screw to attach 
the knob for VR2). 

Completing the main unit 

Now to complete the main unit. First, 
you need to cut or file down the rim 
around the lid of the case so that when 
you attach the PCB later, the part 
which projects out the side will not 
be fouled by this rim. See the photo 
adjacent to Fig.9 for details. 

Having done that, the next step is 
to make the cut-out for the modular 
socket in the side of the case. Fig.9 
shows the detail. The only remain- 
ing holes that need to be made are for 


LEDl and LED2, assuming you’ve de- 
cided to install them with long leads 
so that they can be seen with the lid 
on. The positions for these 3mm holes 
are shown in Fig.9. 

Now affix the panel label, using the 
same technique as for the hand control¬ 
ler, making sure the ‘Motor Drive Pre- 
sent’ text goes just below the two holes if 
you have drilled them. The label should 
be oriented so that the logo is near the 
cut-out for the modular socket. 

Then attach the PCB to the lid us¬ 
ing two short self-tapping screws and 
check that the two halves of the case 
fit together properly and the top of the 
LED lenses poke through the hole (if 
you’ve made them). 

But before you actually put the case 
together, we need to do some testing 
and adjustment. 

Test and set up 

Plug the hand controller into the main 
board using a 4-wire telephone cable 
and centre the speed pot while the 
inertia pot should be fully anti-clock- 
wise. Adjust trimpot VRl on the main 
board to be fully clockwise. 

Apply power to the main board 
via CONl or CON2 and check that 
LED3 lights. The other LEDs should 
be off. If any of the other LEDs light 
up, switch off and check for faults. 
Using IC3’s ground plane as the OV 
reference, check for 4.5-5.5V at the 
Vcc test point and half that at the 


Vcc/2 test point. If you have a fre- 
quency meter, measure the frequency 
at the SYNC test point. It should be 
in the range of 8-10kHz. 

Measure the AC voltage across the 
terminals of CON3. You should get OV. 
Now slowly rotate VRl anti-clockwise 
until LEDl and/or LED2 light up, then 
back off slightly until both LEDl and 
LED2 are off. Check again that you 
have OV at CON3. 

You can now slowly rotate speed 
pot VR2 in one direction. If rotating 
clockwise, LEDl and LED4 should 
both light up and get brighter as you 
turn the pot further. If rotating anti- 
clockwise, LED2 and LED5 should 
both light up and get brighter as you 
turn the pot further. 

Now rotate the inertia pot clockwise 
and the above should stili hold true, 
but you should notice that the rate of 
change of LED brightness has been 
reduced. With the speed pot fully at 
one stop, hold down brake switch Sl 
and check that LEDl, LED2, LED4 and 
LED5 ali switch off in fairly short or- 
der and return to their previous States 
önce you release it. 

As a final test, you can hook up the 
CON3 terminals to a pair of train tracks 
and check you can control the speed 
and direction of a locomotive on those 
tracks as expected. If it moves in the 
opposite direction to what you intend, 
simply swap the connections at CON3. 

Final assembly and usage 

Now that you’ve confirmed it’s work- 
ing, you can join the two halves of 
the box with the supplied screws 
and integrate the controller into 
your layout. 

Note that pressing and holding the 
brake button will bring everything to 
a halt very quickly; practice will allow 
you to tap Sl to slow a locomotive, 
which will return to set speed when 
you release it. 

If you do need to use Sl for emer- 
gency braking, remember to set speed 
potentiometer VR2 to its Central posi- 
tion (easy if you’ve used a pot with 
centre detent) before releasing Sl in 
order to prevent the locomotive from 
moving again when Sl is released. 

RJ12 adaptors can be purchased and 
placed along a loom cabled around the 
layout so that the hand control can be 
unplugged and moved to a different 
location as you operate. 

The speed set at the time of unplug- 
ging will be maintained for a period 
and will slowly diminish över time 
until control is re-established, which 
might cause a rapid return to the for- 
mer speed. It’s best to set the inertia 
control fairly high before plugging 
the controller back in to avoid this. 
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EXCLUSIVE OFFER 


Wln one of two Mlcrochip 
Curioslty PIC32MX470 
Development Boards 

E VERYDAY PRACTICAL ELECTRONICS is offering its readers the chance to win one of two Microchip Curiosity 
PIC32MX470 Development Boards (DM320103). The board is designed for developing 32-bit applications and features 
a wide range of peripherals as well as user interface and expansion options, including two mikroBUS™ click interface 
headers to support över 180 MikroElectronika Click Boards™. The board offers a rich feature set designed to be connected 
and used right out of the box. You can run example projects without writing any code and vvithout the need to install the 
entire ecosystem. 

The PIC32MX470 Development Board features a 120MHz MCU and has been designed for audio, Bluetooth and other 
related generic applications. İn addition, it contains USB connectors that can be used to develop USB Hoşt or device 
applications. 

The Board is fully integrated with Microchip’s MPLAB® X IDE and into PIC32’s povverful softvvare framevvork, MPLAB® 
Harmony. The result is a flexible and modular interface to application development, a rich set of inter-operable softvvare 
stack functions (TCP-IP, USB) and easy-to-use features. The Curiosity Development Board includes an integrated 
programmer/debugger, excellent user experience options vvith multiple LED’s, RGB LED and a svvitch. 



HOW TO ENTER 

For your chance to vvin one of the Microchip Curiosity PIC32MX470 Development Boards, 
visit www.microchip-comps.com/epe-pic32470 and enter 
your details in the online entry form. 


CLOSING DATE 

The closing date for this offer is 31 March 2018. 


November 2017 ISSUE VVINNERS 

"° m C,an,İC ' d 

Mr Howard James from VVhiteley, Hants 

They both won a Microchip MCP6N16 
Evaluatıon Board, valued at £ 45.00 6 
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In this third instalment, we provide the SC200’s performance details. 
We also describe the required power supply, the testing and set-up 
procedure and how to build lower-power versions of the amplifier. 


T he SC200 is our new workhorse audio amplifier 
modüle, and while it doesn’t have the extremely 
high performance of the very best designs, it’s 
stili more than comparable with most brand-name Hi-Fi 
amplifiers and it also has power aplenty. It’s also easier 
to build and the parts cost significantly less than many 
SMD designs. 

Fig.7 shows where the SC200 has the biggest advantage 
över a 14-year old design (the SC480) and that’s in power 
output. The first thing you may notice is that below 10W, 
the total harmonic distortion of the SC200 is slightly higher 
than the SC480 but that’s simply because it has more gain. 

Since both designs use BC557 transistors at the input, 
their absolute noise figures are very similar, but since the 
SC200 delivers a lot more power, it needs more gain and 
this also amplifies the noise more. 

Hence, while the SC200’s signal-to-noise ratio relative 
to full power is ldB better than the SC480, the noise at a 
particular power level will be slightly higher. 

Having said that, at power levels above 10W the SC200 
delivers significantly lower distortion. The SC480 runs 
into clipping at around 55W for 8f2 loads and 70W for 
4 d loads, while the SC200 delivers a clean output up to 
power levels of 135W for 8 Q loads and 200W for 4Q loads. 

Music power (ie, for short bursts such as percussion 
instruments) is even higher, at around 150W into 8Q and 
250W into 4Q. So the SC200 has substantially more power 
output than the olde SC480. 

Fig.8 shows distortion for the new SC200 and old SC480 
designs at the same power level, into the same resistive 
loads and över the entire audible frequency band. VVe’ve 
used the plots for the TO-218 (plastic package transistor) 
version of the SC480 to be fair, since it is the more modern 
of the two designs that were originally presented, and it 
gave slightly better performance. 


As you can see, the shapes of the distortion curves for both 
designs are very similar, but at the power levels used here, 
the SC480 has about 1/3 the distortion at ali frequencies. 

Note that we have filtered out some of the noise with a 
30kHz bandwidth, to allow us to better see the harmonic 
distortion; the SC480 article doesn’t State what bandwidth 
was used so it’s difficult to make an ‘apples-to-apples’ 
comparison. 

We have shown the projected high-frequency distortion 
with dotted lines, taking into account the fact that the lim- 
ited bandwidth will filter out some of the higher harmonics 
for those frequencies. 

Given that noise has less of an effect on the distortion 
measurements at higher frequencies, because it becomes a 
less significant proportion of the rising THD+N, this does 
suggest that the SC200 will have noticeably lower distortion 
at higher frequencies, at least into 8Q loads, and should 
sound slightly better when driving 4f2 loads too. 

Fig.9 compares the frequency response of both ampli¬ 
fiers at 10W into an 8Q load. The frequency response of 
the SC480 is -1.8dB at 20Hz and -1.6dB at 20kHz. By 
comparison, the SC200’s response is astonishingly Hat at 
just -0.06dB at 10Hz and -0.13dB at 100kHz. 

That more extended bass response will certainly be 
apparent if your CD player and your discs have very 
low bass signals (such as those from a pipe organ with 
64-foot pipes!) and if your loudspeakers have the bass 
performance to match. At the other end of the spectrum, 
you will need young ears able to hear up around 20kHz 
and good speakers and program source to be able to 
notice the difference. 

Power supply 

In the power supply for the SC200 we rectify the output of 
a 40-0-40V toroidal transformer and feed it to a 6 x 4700pF 
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capacitor bank to generate the nominal ±5 7V supply rails. 
The power supply PCB also carries optional circuitry to 
derive a ±15V preamplifier supply from a second 15- 
0-15 transformer, or a secondary winding on the main 
transformer. 

The full Circuit for the power supply is shown in Fig.10. 
This shows component values for the full-power rated 
supply, but also for a lower-voltage version which will 
reduce the power output slightly, to 75W into 8f2 loads 
and 110W into 4Q loads. 

There isn’t a great deal to the power supply Circuit. An 
external 35A bridge rectifier converts the AC from the 
transformer into pulsating DC, which is used to charge 
the two large capacitor banks. LEDl and LED2 act as 
bleeders, to discharge this bank after switch-off and also 
show when the supply is live. 

A separate İA on-board rectifier comprising diodes 
D1-D4 and two 2200pF capacitors converts the 15-0-15V 
AC output of the secondary windings to around ±2OV 
DC, which is then fed to a pair of linear regulators to 
produce the ±15V rails for the preamplifier (or whatever 
other circuitry you need to power within the chassis). 

The power supply PCB overlay is shown in Fig.ll. 
The preamplifier regülatör section at right can be cut off 
if you don’t need it, or want to mount it elsewhere. The 
output of the bridge rectifier is connected via three spade 
quick-connect terminals, while two sets of DC outputs 
are provided on either side, making it easier to build a 
stereo amplifier. 

Although we show a couple of wire links on this PCB, 
production boards should have WIDE top layer tracks 
joining those points, so fitting these wire links is not 
necessary. Check your board to verify this before starting 
assembly. The parts list for building the power supply is 
included later on in this article. 

Lower-power amplifier modüle 

If you want to build the lower-voltage power supply, 
using a 30-0-30VAC transformer which gives around 
±42V DC, you need to make some slight changes to the 
amplifier modules. 

The most important change is that the 22kQ resistor 
between the collector of Q7 and ground (to its right on 
the PCB) must be changed to 15k£l 

It’s also a good idea to change the two 6.8kf2 resistors 
at the collector of Q6 (one to its left and one below VR2) 
to 4.7k£l; however this is less critical and it willprobably 
work OK with the original values. 

Building the power supply 

You’ll need to build a power supply before you can test 
the amplifier module(s). Use the overlay diagram in 
Fig.ll as a guide to fit the components to the PCB, which 
is available from the EPE PCB Service, coded 01109111. 
Note that the power supply modüle kit is available from 
Altronics; Cat K-5168 (does not include transformer - you 
choose which one you want). 

Assuming you do want the low voltage outputs, fit the 
four 1N4004 diodes (D1-D4), orienting them as shown. 
Then install the two 3-terminal regulators. You will need 
to bend their leads down by 90° so that they fit the PCB 
pads with the tab mounting hole lined up correctly. Attach 
each regülatör to the board using an M3 x 6mm machine 
screws, shakeproof washer and nut, taking çare not to get 
the two different types mixed up. Solder the leads after 
the screws have been tightened. 

The two LEDs can go in next. These sit flush against 
the PCB with the flat side of the lenses oriented as shown 
on the overlay. 



Povver (Watts) 

Fig.7: total harmonic distortion from 50mW up to 200W for 
the new SC200 amplifier, compared to the older SC480 design. 
Distortion is slightly higher below 10W due to the increased 
gain and thus noise, but significantly improved for powers 
above 10W and maximum power is much higher. 



Fig.8: distortion versus frequency at 40W (8fî load) and 
60W (40 load). These power levels are the nominal output 
powers for the SC480 and this allows a direct comparison. As 
you can see, the distortion of the SC200 is lower, especially 
for 8fî loads. 



Fig.9: the frequency response of the SC200 is almost ruler-flat 
över the range of lOHz-lOOkHz and should result in greatly 
extended bass, compared to the SC480. 
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Follow these with the two 3.3kQ 5W resistors. These 
should be stood off the board by about 2mm, to allow the 
air to circulate beneath them for cooling (use a cardboard 
spacer during soldering). 

The two 5-way screw-terminal connectors are made by 
dovetailing 2-way and 3-way blocks together. Be sure to fit 
these assemblies with the wire entry holes facing towards 
the adjacent edge of the PCB. 

The two 3-way terminal blocks for the ±57V (or ±42V) 
outputs can then go in. Alternatively, instead of fitting these 
blocks, you can solder the DC supply leads directly to the PCB 
pads if it will be mounted right next to the amplifier modules. 

The three quick-connect (spade) terminals are next on 
the list. If you are using PCB-mount connectors, simply 
push the pins through and solder them in place. It will 
take a while to heat the connectors so that the solder will 
‘take’. However, be careful not to overdo it, as the solder 
could ‘wick’ through the hole and onto the spade section. 

If you are using 45° chassis spade lugs instead, screw 
them down tightly using M4 machine screws, nuts and 
washers - see Fig.12. If you can’t get single-ended chassis 
lugs, cut one side off double-sided lugs. 

Finally, fit the electrolytic capacitors, starting with the 
two 220pF units and finishing with the six large 4700pF 
units. Be sure to orient them correctly and make sure that 
they ali sit flush with the PCB. 

If building the lower power version, you’ll probably 
need to crank out the capacitor leads to süit the board and 


it would also be a good idea to apply a little neutral-cure 
silicone sealant around the base of the capacitors so they 
aren’t supported by the leads alone. 

Cabling 

Note that it’s important to use the thickest wire you can 
easily fit into the terminal blocks and to keep the wiring 
as short and as tight as possible. 

Each set of three wires from the power supply to the 
amplifier modüle should be tightly coupled by twisting 
them together and/or covering the bundle with a length of 
heatshrink tubing - ideally both. 

Otherwise, the Class B currents flowing through the sup¬ 
ply leads could couple into the amplifier module(s) and 
ruin the performance. 

Be very careful when inserting the wires into the 3-way 
terminal block that you get the polarity right. Refer to the 
wiring diagram, Fig.13, and ensure your wiring polarity 
matches this. The 4-way pluggable connector for CON2 is 
used to run a pair of heavy wires to the speaker terminal 
(which should ideally be twisted together) from the termi¬ 
nals labelled Out and GND and optionally, two more to a 
headphone socket, labelled HP and GND. 

Initial testing 

If you’re confident you’ve built the amplifier modüle cor¬ 
rectly, it is possible to simply wire it to the power supply 
and fire it up. But we suggest a more prudent approach, 
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Fig.ll: use this 
overlay diagram to 
help you build the 
power supply PCB. 
You can separate the 
two halves and even 
discard the right- 
hand section entirely 
if you don’t need the 
±15V output. The 
two links shown 
at left should be 
incorporated into the 
top layer of the PCB if 
you get it from EPE. 


(+42V) +57V OV -57V (-42V) 



OUTPUT 2 

(-42V) -57V OV +57V(+42V) r + 


CON3 

CON6 




§ fişy § fişy 


so it’s much safer to first wire 68Q safety resistors in series 
with the supply connections as this will reduce the chance 
of damage if something has göne wrong. 

The easiest way to do this is to insert one lead of a 68£1 
5W resistor into each of the two terminals at either end 
of the block and do the screws up tightly, then similarly 
screw the other ends into a 3-way mains terminal block. 
You can use insulated wire or a 0.1Q 5W resistor for the 
ground connection. This arrangement is shown in Fig.14. 

The advantage of doing it this way is that you can easily 
monitor the current fiowing through the resistors with a 
DMM (in volts mode) and the leads are unlikely to short 
together, as long as they are carefully arranged initially. 

The other side of the terminal block is wired to the DC 
outputs of the power supply. This will need to be built and 
wired up inside an earthed case. The simplest solution is 
to build the power supply into the case that you intend to 
use for your final amplifier, and simply run an extra-long 
3-way lead out of the case for testing purposes. 

Don’t skimp on this arrangement; make sure ali the mains 
wiring is properly insulated and anchored for the tests. 
Önce you have verified the module(s) are working you can 
then mount them in the case and complete the amplifier. 
Refer to the notes on putting the power supply together 
later in this article (under the ‘Chassis Assembly’ heading). 

Before you plug the power supply connector into CON3 on 
the amplifier board, switch on the 
now complete power 
supply and verify 
that the voltages at 
its output terminal 
are correct. 


The 

SC200 requires 
a nominal ±57VDC 
supply rail. This power 
supply, in conjunction with a 40-0- 
40VAC transformer, is ideal for the task. 


Fig.12: if using the 
chassis-mount spade 
terminals on the power 
supply board, fit them 
as shown here. 


OUICKCONNECT 



PC BOARD 

j 


M4 FIAT 
V/ASHER 


r^XM4 STAR 
WASHER 

M4 x 1 Omm 
SCREW & NUT 



The exact DC voltages will vary depending on your 
mains supply, but for the full power version, you should 
get something like 54-57V or 39-42V for the low-power ver¬ 
sion. Be especially careful to check for the correct polarity. 

Switch off and wait for the LEDs on the power supply 
board to go out before connecting the modüle. Then connect 
a DMM set to measure volts across each safety resistor using 
alligator clip leads. If you don’t have two DMMs, monitor 
one resistor. If you don’t have alligator clip leads, you will 
have to hold the probes in place after switching power on. 

Wind VRl fully anti-clockwise and set VR2 to its halfvvay 
position using a small jeweller’s screwdriver. Ensure Fİ and 
F2 have not been fitted, then switch power on and check 
the onboard LEDs and the DMM readings. You should see 
LEDl (blue) light up along with LED 2 and 4 (red). LED6 
may fiicker initially, but should not stay on. Check for a 
reading of just under IV across each of the safety resistors 
and verify that the two readings are close in value. 

Assuming it’s OK, switch off and wait for the LEDs to go 
out, which will probably take a couple of minutes. Then fit 
Fİ and F2, switch back on and re-check everything. This 
time LED3 and LED5 (green) should light up but not much 
else should have changed. 

If it does, then the output stage is suspect, eg, it could 
be an isolation failure on one of the output transistor in- 
sulating washers. 

You can now check the output offset voltage, measuring 
between Out and GND on CON2. It should be less than 
25mV and is usually about lOmV. Be careful not to short 
the two pins together! 

Now rotate VRl’s screw clockwise slowly while 
monitoring the voltage across a safety resistor. At first 
nothing should happen but eventually it will rise. This 
indicates that the Vbe multiplier is working; stop turn- 
ing VRl. 

Rotate VR2 and check that the offset voltage changes. 
You can trim it close to OmV now, although you will need 
to make the final adjustment later. 

If you have a scope and signal generator, you can feed 
a low-level signal into the amplifier (<250mV RMS) and 
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Parts List - SC200 Power Supply 

1 PCB, available from the EPE PCB Service, coded 
01109111,141 x 80mm 

4 3-way PCB-mount terminal blocks, 5.08mm pitch 
(CON1-4) 

2 2-way PCB-mount terminal blocks, 5.08mm pitch 

(CON5-6) 

3 PCB-mount or chassis-mount spade connectors 

3 M4 x lOmm machine screws, nuts, flat vvashers and 

shake-proof washers (if using chassis-mount spade 
connectors) 

4 M3 x 9mm tapped nylon spacers 
10 M3 x 6mm machine screws 

2 M3 shake-proof washers and nuts 

Semiconductors 
1 7815 regülatör (REG1) 

1 7915 regülatör (REG2) 

4 1N4004 1A diodes (Di -D4) 

1 5mm green LED (LED1) 

1 5mm yellow LED (LED2) 

Capacitors 

6 4700juF 63V [50V*] electrolytic 

2 2200juF 25V electrolytic 
2 220juF 16V electrolytic 

Resistors 
2 3.3kD 5W 

Additional parts 

1 300VA 40-0-40V + 15-0-15V transformer OR 
1 160VA 30-0-30V + 15-0-15V transformer* 

1 35A400V chassis-mount bridge rectifier 
1 chassis-mount IEC mains input socket with fuseholder 
and fuse 

Various lengths mains-rated heavy duty hookup w i re 
Various spade crimp connectors Cable ties, heatshrink 
tubing * for lower power version 


check that the output signal looks clean. Note that with the 
safety resistors in-circuit, it won’t drive a load, nor will it 
handle high-swing or high-frequency signals. 

Ouiescent current adjustment 

Switch off, wait for the LEDs to go off and remove the 
safety resistors. These can now be soldered across a pair of 
blown fuses to make handy resistor fuse adaptors; see the 
adjacent photo. Fit these in place of Fİ and F2 and wire 
up the power supply direct this time, as shown in Fig.13. 

Given that the earlier tests were successful, it’s unlikely 
anything will go wrong at this stage, but it’s stili a good idea 
to have the safety resistors in place of the fuses initially. 
These limit the current through the output stage to about 
840mA if there is a fault. Note that the 68Q resistors will 
quickly burn out under such circumstances (since they 
would be dissipating över 40W). 

Now use the following procedure to set the quiescent 
current and trim out the offset voltage. 

STEP 1 - check that the safety resistors are installed and 
that their leads can’t short to any adjacent parts (note: 
do NOT connect the loudspeaker to the amplifier during 
this procedure). 

STEP 2 - connect a DMM set to volts across one of the 
safety resistors (alligator clip leads are extremely handy 
in this situation). 

STEP 3 - turn trimpot VRl fully anti-clockwise. This can 
take as many as 25 turns but it will continue to turn even 
so. Many (but not ali) multi-turn trimpots click when they 


are at the end-stop. If in doubt, check the resistance across 
it - it should be about lkQ. 

STEP 4 - check that the power supply is off and that the 
filter capacitors are discharged (LEDs off!), then connect 
the ±57V supply to the modüle. Check that the sup¬ 
ply polarity is correct, otherwise the amplifier will be 
damaged when power is applied. 

STEP 5 - apply power and check the voltage across the 68£1 
resistor. It should be less than IV (it may jump around a 
bit). If the reading is över 10V, switch off immediately and 
check for faults. 

STEP 6 - using an insulated adjustment tool or a small 
flat-bladed screwdriver, slowly adjust the trimpot clock- 
wise. Be careful not to short any adjacent components. 
STEP 7 - after a few turns, the resistor voltage should 
stabilise and start to rise. Continue until it reads around 
6V. It may drift a little but should be quite steady. 

STEP 8 - switch off, wait for the capacitors to fully discharge 
(LEDs off) and replace the safety resistors with 6.5A fuses. 
STEP 9 - connect a DMM set to volts between TP5 (to the 
upper left of D3) and TP7 (lower right of D3). If you have 
fitted PC stakes you can use alligator clip leads, otherwise 
you may need to get someone else to hold the probes in 
place while you perform the following steps. 

STEP 10 - reapply power and check that the DMM reads 
close to 4.4mV. If necessary, readjust trimpot VRl to bring 
the voltage close to this figüre. 

STEP 11 - now check the voltage between TP3 and TP7. 
The reading should be similar. Do the same check with 
TP4/TP7 and TP6/TP7. This verifies that ali the output 
transistors are working and sharing the load current more 
or less equally. 

STEP 12 - adjust VR2 until the voltage across the output 
pins is less than 0.5mV. This is easier to do if you screw a 
couple of bits of wire into the top two connections of the 
pluggable terminal block for CON2 and clip a DMM across 
it using alligator clip leads. Be extra careful not to short 
the output terminals together! Note that this is a trial-and- 
error process because you will probably find each time 
you remove the screwdriver from VR2, it will take several 
seconds for the output voltage to stabilise. You will need to 
make very small adjustments towards the end of the process. 

It’s a good idea to recheck the quiescent current (ie, 
between TP5 and TP7) after the amplifier has been idling 
for a few minutes with the lid on. If the reading is more 
than 5mV, readjust VRl anti-clockwise to bring it back 
below this figüre. The stability is such that it should stay 
below this figüre but it’s a good idea to check. 

That completes the adjustments. Note, however, that 
if you wish to repeat the above procedure (ie, with the 
68f2 resistors in place), you will first have to reset VRl to 
minimum (ie, fully anti-clockwise). If you don’t do this, 
the amplifier may latch up when power is reapplied and 
could burn out the safety resistors. 


Troubleshooting 

If there’s a fault in the modüle, a likely symptom is either 
excessive voltage across the safety resistors or the amplifier 
output voltage is pegged near one of the ±5 7V supply rails. 



Soldering a 5W resistor across 
a blown fuse makes for a 
handy way to limit 
current through the 
amplifier’s output 
stage during 
testing and 
adjustment. 
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MALE IEC CONNECTOR 
WITH INTEGRA!. FUSE 



Fig.13: this shows how to wire up the amplifier modüle, power supply, volüme control and signal input. This should give 
you a working mono amplifier. You can connect a second amplifier board to the same power supply, in a similar fashion as 
shown here, to build a stereo amplifier. Don’t forget the speaker protector! 


If this happens, switch off and wait for the power sup¬ 
ply capacitors to discharge. Then check that ali the large 
transistors are properly isolated from the heatsink. You 
should also carefully inspect ali the solder joints on the 
underside of the board, to make sure that they ali have 
good, shiny fillets and also check to make sure that ali the 
correct component types and values are in the intended 
locations and none of the polarised components have 
been installed backwards. 

If you stili can’t find the fault, you will need to power 
the amplifier up without fuses or safety resistors fitted. 
Then check the various voltages shown in the Circuit dia- 
gram, Fig.l on pages 20 and 21 of the January issue, with 
reference to the overlay diagrams of Fig.4 on page 26 in 
the February issue. If you find a voltage which is clearly 
wrong, this may give you a clue to where the fault lies. 

Chassis assembly 

If you want to build a complete stereo SC200 amplifier, 
it’s vital to include a loudspeaker protection modüle. For a 
suitable modüle, see our design in the December 2016 issue. 

Volüme control 

Önce you’ve built the power supply, amplifier module(s) and 
speaker protector and wired them up, if you are not fitting a 
full preamplifier in the case, you will probably want to fit a 
volüme control. This is quite simple and Fig.13 shows how 
to do it using a 10kQ dual-gang logarithmic potentiometer. 

Basically, you just need to connect the incoming signal 
wire to the clockwise end of the potentiometer with its 


shield ground to the anti-clockwise end. The reduced 
amplitude signals then appear at the wipers and these 
are connected to the signal wire for the cables going to 
the amplifier modules, with the shield grounds soldered 
together with the shields from the incoming wire (ie, to 
the anti-clockwise end of the potentiometer track). 

Reproduced by arrangement 
with SILICON CHIP 
magazine 2018. 
www.siliconchip.com.au 



Fig.14: we recommend you connect the power supply to the 
amplifier board as shown here the first time you power it 
up. This way, if there’s a fault, it’s much less likely to cause 
any damage to the modüle before you have time to switch 
the power off. 
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In the second article on cheap pre-built electronics modules, we’re 
focusing on the HC-SR04 ultrasonic distance sensor modüle. We 
describe how the modüle works and show how it can be used as a 
hallway monitor or door sentry. 


I F THE HC-SR04 modüle shown in 
the picture looks familiar, that’s be- 
cause it has already been used in Geoff 
Graham’s Ultrasonic Garage Parking 
Assistant, published in the June 2017 is- 
sue. But this modüle doesn’t have to be 
used with a microprocessor modüle like 
a Micromite or an Arduino, it can also 
be used with much simpler circuitry. 

Before we get to how it works, we 
should note that these ultrasonic sen¬ 
sor modules have been around for 
about six years, beginning life as an 
add-on ‘shield’ for the Arduino. Since 
then, they have göne through a num- 
ber of iterations, ali bearing the same 
HC-SR04 label but with various minör 
Circuit and component changes. We 
suspect this has been due to various 
manufacturers working out ways of 


b mm 


reducing costs, rather than seeking to 
achieve better performance. 

The bottom line is that although 
some of these slightly different HC- 
SR04 modules are stili being sold, 
they ali seem to function and perform 
much the same. So don’t worry if the 
modüle you buy looks a little different 
from that shown in the photos. The 
odds are that if your modüle carries 
the label HC-SR04, it will work just 
like any other HC-SR04. 

Current HC-SR04 modules are based 
on a PCB measuring 45 x 20mm. On 
the top side of the PCB is a pair of small 
(16mm diameter) ultrasonic transduc- 
ers with a 4MHz crystal between them. 


Ali the components on the other 
side of the PCB are surface-mount 
types, apart from the 4-pin right-angle 
header at bottom centre. Fig.l shows 
how it’s used. It sends out a burst of 
ultrasonic energy from the transmit- 
ter transducer (the one marked T, on 
the left) and then listens via the other 
receiver transducer (marked R, on the 
right) for any echo that may be reflect- 
ed back from an object in front of the 
modüle (see Fig.l). 

If it detects this ultrasonic echo, 
it produces an output pulse with a 
width approximately proportional 
to the distance between the mod- 
ule’s sensors and the object produc- 
ing the echo. 

The ultrasonic frequency used is 
very close to 40kHz, roughly double 


HC-SR04 MODÜLE 



Distance in cm ~ 0.01725 x ECHO pulse width in ps 
(at Standard ambient temperature/pressure: 25°C, lOOkPa) 


Fig.l: one ultrasonic burst is sent out from the transmitter 
transducer. The receiver transducer will detect this burst if it 
is reflected off an object in front of the modüle. Önce detected 
by the receiver, an output pulse is produced with a width in 
microseconds of (distance in cm) -s- 0.01725. 


10ps 
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TO DİSTANCE 


Fig.2: there must be a delay of 60ms between trigger pulses 
to prevent late echoes from affecting successive readings. 
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Fig.3: complete Circuit diagram for the HC-SR04 ultrasonic sensor modüle. When ICl detects a TRIG pulse at pin 1, a 
40kHz burst signal of eight pulses is generated at pins 13 and 14 of ICl. This is taken to pins 10 and 11 of IC3 respectively, 
and output at pins 7 and 14 connecting to the transmit transducer. 


the highest frequency that can be heard 
by human ears. The burst of transmit- 
ted energy consists of eight pulses at 
40kHz, so the transmitted burst lasts 
for only 200ps, as shown in Fig.2. 

Since the speed of sound in air at 
25°C and lOOkPa (ie, 1 bar) is close to 
345m/s (= 0.0345cm/ps) and the dis- 
tance travelled by the ultrasonic burst 
energy corresponds to double the dis- 
tance between the transducers and the 
reflecting object, we can calculate the 
distance from the delay as follows: 

distance in cm = 

0.0345 x echo pulse width (ps) 

2 

= 0.01725 x echo pulse width (ps) 

As shown in Fig.2, each measurement 
cycle begins when a positive trigger 
pulse of at least lOps duration is ap- 
plied to the HC-SR04 module’s trigger 
input pin. When the echo has been 
detected, it then produces a pulse at 
the echo output pin. Note that there 
should be at least 60ms between trig¬ 
ger pulses, to prevent late echoes from 
one cycle causing false readings on the 
next. So in practice, it’s a good idea to 
limit the trigger pulse frequency to no 
more than 16Hz. 


Circuit details 

The full Circuit for the HC-SR04 mod¬ 
üle is shown in Fig.3. It is based on an 
EM78P153S microcontroller (ICl), a 
low-power 8-bit CMOS device made 
by Elan Microelectronics in Hsinchu, 
Taiwan. This device has a 1024 x 13 
bits one-time programmable (OTP) 
ROM plus 32 bytes of on-chip SRAM, 
and comes in a 14-pin SOIC package. 
It runs here with a 4MHz crystal be- 
tween pins 5 and 6. 

When a TRIG pulse arrives at pin 1 
of ICl (from pin 3 of CONl), the con- 
troller generates a 40kHz burst signal 
of eight pulses at pins 13 and 14, with 
one pin 180° out of phase with the 
other. These go to pins 10 and 11 of 
IC3, a bus driver IC very similar to the 
MAX232. The outputs from IC3 (pins 
7 and 14) connect across the transmit- 
ter transducer, effectively driving it 
in bridge mode to emit the bursts of 
ultrasonic energy. 

Echoes picked up by the receive 
transducer pass through the four sec- 
tions of IC2, an LM324 quad op amp. 
These provide amplification, band- 
pass filtering and phase detection, 
with the result that a received echo 
pulse is fed back to pin 10 of ICl. 
The micro then compares the timing 
of the leading edge of this received 


echo pulse with the leading edge of 
the transmitted burst fed to IC3 and 
the transmit transducer, and produces 
an echo output pulse at pin 2 with its 
width equal to the time difference. 
This echo output pulse appears at 
pin 2 of CONl. 

How it’s used 

If you want to use the HC-SR04 mod¬ 
üle to actually measure the distance 
to an object or wall in front of it, the 
best way to do it is to hook it up to 
a microprocessor modüle like an Ar- 
duino, Micromite or Raspberry Pi. The 
micro’s program generates the trigger 
pulse to the HC-SR04, then measures 
the length of the echo pulse and cal- 
culates the corresponding distance. 

There’s no need to worry about 
writing a program to do these tasks 
for you, because many people have 
already produced programs to do this. 
A quick search on the Arduino website 
(www.arduino.cc) or by using Google 
will find a sample program for the 
micro you’re using in short order. 

If you want to use the HC-SR04 with 
a Micromite, Geoff Graham has already 
built a DİSTANCE function into his 
MMBasic programming language for 
the Micromite family to make it re- 
ally easy. 
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Fig.4: complete circuit for an ultrasonic intruder alarm using an HC-SR04 modüle. ICla generates 60ps-wide trigger pulses 
at 12Hz, which are fed to pin 3 of CONl. The echo pulses trigger monostable multivibrator IC2, and IC3a then compares 
the width of the resulting pulse to the echo pulse. If these differ, LEDl lights and the piezo buzzer sounds. 


Ali you have to do to get the Micro- 
mite to trigger the HC-SR04 and then 
calculate the object distance from the 
echo pulse is use this one-line func- 
tion cali: 

d = DISTANCE(trig, echo) 

Where ‘d’ is the distance in centime- 
tres, ‘trig’ is the Micromite’s I/O pin 
connected to the HC-SR04’s trigger 
input pin and ‘echo’ is the I/O pin 
connected to the HC-SR04’s echo out- 
put pin. 

The only extra step is to connect the 
HC-SR04’s +5V and GND pins to the 
corresponding pins of your Micromite. 

If you want to display the result ‘d’ 
on an alphanumeric LCD, you can do 
this using commands like: 

LCD INIT ... 

LCD 1, 2, “Distance = “ 

LCD 2, 6, STR$(d) 

and so on. 

You can get a good idea of what’s in- 
volved in using the HC-SR04 with a 
Micromite from Geoff Graham’s arti- 
cle describing the Ultrasonic Garage 
Parking Assistant. 

But say you want to use this mod¬ 
üle without a microcontroller at ali. 
That’s fairly straightforward, as we’ll 
now demonstrate. 

A simple intruder alarm 

For example, to use it as an ultrason¬ 
ic intruder alarm, have a look at the 
circuit shown in Fig.4. It uses three 
low-cost CMOS ICs, a 2N7000 MOS- 
FET, three diodes, one LED, a piezo 
buzzer and some passive components. 


This circuit and the HC-SR04 operate 
from a common 5V DC power supply, 
which can be from a USB plugpack or 
USB power bank. 

ICl is a hex Schmitt trigger invert- 
er package and we’re using just two 
sections of it, ICla and IClb. ICla at 
upper left is connected as a relaxa- 
tion oscillator, to generate a stream 
of 60ps-wide pulses at a frequency of 
about 12Hz, ie, with a pulse spacing 
of about 83ms. These form the trigger 
pulses, which are fed to the HC-SR04 
via pin 3 of CONl. 

The rest of the circuit monitors the 
width of the echo pulses sent back from 
the HC-SR04 via pin 2 of CONl. If this 
varies significantly (indicating that 
something has moved between the sen- 
sor and the nearest object, like the op- 
posite wall of your entry hail), it sounds 
the alarm by switching on LEDl and the 
piezo buzzer connected across it. 

This section is a little more com- 
plex. First, the incoming echo pulse 
passes through inverter ICl d, so that 
its leading edge is negative-going. The 
İnF capacitor and lOOkfl resistor then 
form a differentiator circuit, which de- 
velops a narrow negative-going pulse 
from the negative-going leading edge 
of the inverted pulse. 

This is then used to trigger IC2, a 
7555 CMOS timer chip connected as 
a one-shot multivibrator. When IC2 
is triggered, its output pin 3 switches 
high for a short time, determined by 
the 2.2pF capacitor connected from 
pins 6 and 7 to ground and the resist- 
ance connected between the same two 
pins and the +5V line. 

As shown, this resistance is the 
series combination of a 10kQ resistor 


and VRl, a 100kf2 pot. So by varying 
VRl, we can vary the width of the 
pulse generated each time the one- 
shot is triggered. 

The output of IC2 is connected to 
pin 2 of IC3a, one section of a 4070B 
quad XOR (exclusive-OR) gate. The 
echo pulses from the HC-SR04 are fed 
to pin 1 of IC3, the second input of the 
same XOR gate. Since the output of 
an XOR gate is high only when one of 
its inputs is high and the other low, it 
forms a pulse-width comparator. 

Consider the situation where the 
HC-SR04 sensor is facing a wall, say 
1.5m or 150cm away. The echo pulses 
fed back from the sensor will be very 
close to 8.7ms wide and these are fed 
to input pin 1 of IC3a. 

If we adjust VRl so that IC2 also 
produces 8.7ms-wide pulses, then 
since they start at virtually the same 
instant at the start of the echo pulse, 
both inputs of XOR gate IC3a will rise 
and fail at the same time. As a result, 
the output of IC3a (pin 3) will remain 
low at ali times. 



This tiny active piezo transducer 
modüle from Jaycar can be used in 
the intruder alarm instead of the 
piezo buzzer. 
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But if someone moves in front of 
the HC-SR04, this will cause the echo 
pulses to shorten, because the ultra- 
sonic energy reflected back by the 
person or object will be travelling över 
a smaller distance. So the echo pulse 
width will drop briefly to say 5-6ms, 
and as a result the inputs of IC3a will 
no longer be synchronised. 

Although the pulses fed to pin 2 will 
stili be high for 8.7ms, the echo pulses 
being fed to pin 1 will drop low after 
5-6ms, so the output of IC3a will switch 
high for the remaining 2.7-3.7ms.These 
positive-going pulses will very quickly 
charge up the lpF capacitor in the gate 
Circuit of MOSFET Ql, via diode D3 
and the 10kQ series resistor, and this 
will turn on Ql, causing LEDl to light 
and the piezo buzzer to sound the alarm. 

Then, when the intruding person 
or object moves away again and the 
echo pulses return to their original 
width of 8.7ms, the pulses fed to the 
two inputs of IC3a will be again be 
synchronised. There will be no more 
output pulses from IC3a and the lpF 
capacitor will be discharged by the 
1MQ resistor connected across it. So 
within a couple of seconds, the buzzer 
and LED will switch off. 


The Circuit is quite easy to set up, 
too. Ali you need to do is wire it up 
and connect it to the HC-SR04 modüle 
using a suitable length of 4-conductor 
cable. Then mount the sensor modüle 
on one side of the hail or doorway 
you want to monitor, facing either a 
wall or a large fixed object such as a 
dresser, a chest of drawers or a filing 
cabinet. 

Next, set pot VRl to its fully anti- 
clockwise (ie, minimum resistance) 
position and turn on the 5V power 
supply. You’ll find that LEDl will 
immediately light, and if you have 
a piezo buzzer connected as well, it 
will sound. That’s because the pulses 
being generated by the one-shot IC2 
will be shorter than the echo pulses 
coming from the HC-SR04. 

Now slowly turn pot VRl clockwise 
until LEDl turns off and the piezo 
buzzer goes silent. Your intruder 
alarm will then be set up and ready 
to detect the presence of a ‘foreign 
body’ in the space between the sen¬ 
sor and its reflecting wall. So we’ve 
done ali this without a microproces- 
sor-apartfrom the EM78P153S micro 
inside the HC-SR04 sensor modüle 
itself, of course. 


1 HC-SR04 ultrasonic sensor 
1 active piezo transducer modüle OR 
1 piezo buzzer 
1 100kQtrimpot (VRl) 

Semiconductors 

1 1N5819diode (Di) 

2 1N4148 diodes (D2) 

1 LED, any colour (LEDl) 

1 2N7000 MOSFET (Q1) 

1 40106B or 74HC14 CMOS IC (IC1) 
1 LM7555 CMOS timer IC (IC2) 

1 4070B quad XOR gate IC (IC3) 

Capacitors (16V) 

1 2.2pF 
1 lpF 
2lOOnF 
1 InF 

Resistors (0.25W, 5%) 

1 2.2MD 1 1MQ 1 100kQ 

2 10kQ 1 1.5kQ 1 470Q 

1 1000 

Reproduced by arrangement 
with SILICON CHIP 
magazine 2018. 
www.siliconchip.com.au 


FANTASTIC MODERN POWER SUPPLY ONLY IU 
HİGH PROGRAMMABLE 


LAMBDA GENESYS PSU GENİ 00-15 100V 15A Boxed As New £325 

LAMBDA GENESYS PSU GEN50-30 50V 30A £325 


IFR 2025 Signal Generator 9kHz - 2.51 GHZ Opt 04/11 £900 

Marconi 2955B Radio Communications Test Set £800 

R&SAPN62 Syn Function Generator 1HZ-260KHZ £195 

HP3325A Synthesised Function Generator £195 

HP3561A Dynamic Signal Analyser £650 

HP6032A PSU 0-60V 0-50A1000W £750 

HP6622A PSU 0-20V 4A Tvvice or 0-50V 2A Tvvice £350 

HP6624A PSU 4 Outputs £350 

HP6632B PSU 0-20V 0-5A £195 

HP6644A PSU 0-60V 3.5A £400 

HP6654A PSU 0-60V 0-9A £500 

HP8341A Synthesised Svveep Generator 10MHZ-20GHZ £2,000 

HP83731A Synthesised Signal Generator 1-20GHZ £1,800 

HP8484A Povver Sensor 0.01 -18GHZ 3nW-10uW £75 

HP8560A Spectrum Analyser Synthesised 50HZ - 2.9GHZ £1,250 

HP8560E Spectrum Analyser Synthesised 30HZ - 2.9GHZ £1,750 

HP8563A Spectrum Analyser Synthesised 9KHZ-22GHZ £2,250 

HP8566B Spectrum Analsyer 100HZ-22GHZ £1,200 

HP8662A RF Generator 10KHZ - 1280MHZ £750 

Marconi 2022E Svnthesised AM/FM Sianal Generator 10KHZ-1.01 GHZ £325 


Tektronix TDS3052B/C 

Oscilloscope 500MHZ 2.5GS/S 

£1,500 

Tektronix TDS3032 

Oscilloscope 300MHZ 2.5GS/S 

£995 

Tektronix TDS3012 

Oscilloscope 2 Channel 100MHZ 1.25GS/S 

£450 

Tektronix 2430A 

Oscilloscope Dual Trace 150MHZ 100MS/S 

£350 

Tektronix 2465B 

Oscilloscope 4 Channel 400MHZ 

£600 

Farnell AP60/50 

PSU 0-60V 0-50A 1KW Svvitch Mode 

£195 

Farnell H60/50 

PSU 0-60V 0-50A 

£500 

Farnell XA35/2T 

PSU 0-35V 0-2A Tvvice Digital 

£75 

Farnell LF1 

Sine/sq Oscillator 10HZ-1M HZ 

£45 

Racal 1991 

Counter/Timer 160MHZ 9 Digit 

£150 

Racal 2101 

Counter 20GHZ LED 

£295 

Racal 9300 

True RMS Millivoltmeter 5HZ-20MHZ ete 

£45 

Racal 9300B 

As 9300 

£75 

Fluke 97 

Scopemeter 2 Channel 50MHZ 25MS/S 

£75 

Fluke 99B 

Scopemeter 2 Channel 100MHZ 5GS/S 

£125 

Gigatronics 7100 

Synthesised Signal Generator 10MHZ-20GHZ 

£1,950 

Seavvard Nova 

PAT Tester 

£95 

Solartron 7150/PLUS 

6 1/2 Digit DMM True RMS IEEE 

£65/£75 

Solatron 1253 

Gain Phase Analyser 1mHZ-20KHZ 

£600 

Tasakago TM035-2 

PSU 0-35V 0-2A 2 Meters 

£30 

Thurlby PL320OMD 

PSU 0-30V 0-2A Tvvice 

£160-£200 

Thurlby TG210 

Function Generator 0.002-2MHZ TTL ete Kenvvood Badged 

£65 

HP33120A 

Function Generator 100 microHZ-15MHZ 

£260-£300 

HP53131A 

Universal Counter 3GHZ Boxed unused 

£500 

HP53131A 

Universal Counter 225MHZ 

£350 


/larconi 2024 Synthesised Signal Generator 9KHZ-2.4GHZ £800 

/larconi 2030 Synthesised Signal Generator 10KHZ-1.35GHZ £750 

/larconi 2305 Modulation Meter £250 

/larconi 2440 Counter 20GHZ £295 

/larconi 2945/A/B Communications Test Set Various Options £2,000 - £3,750 

/larconi 2955 Radio Communications Test Set £595 

/larconi 2955A Radio Communications Test Set £725 

/larconi 6200 Microvvave Test Set £1,500 

/larconi 6200A Microvvave Test Set 10MHZ-20GHZ £1,950 

/larconi 6200B Microvvave Test Set £2,300 

/larconi 6960B with 6910 Povver Meter £295 


MARCONİ 2955B Radio 
Communications Test Set - £800 



CAN BE SUPPLIED WITH OPTIONAL 
TRANSİT CASE 


PROPER 200MHZ 
ANALOGUE SCOPE - £250 


j_ -m 

* m * s * p 


FLUKE/PHIUPS PM3092 Oscilloscope 
2+2 Channel 200MHZ Delay TB, Autoset ete 


INDUSTRY STANDARD DMM ONLY 
£325 OR £275 WITHOUT HANDLE 
AND BUMPERS 



HP 34401A Digital 
Multimeter 6 V 2 Digit 


YES! AN HP 100MHZ SCOPE FOR 
ONLY £75 OR COMPLETE WITH ALL 
ACCESSORIES £125 



HP 54600B Oscilloscope Analogue/Digital 
Dual Trace 100MHZ 


STEVVART OF READING 

17A King Street, Mortimer, near Reading, RG7 3RS 
Telephone: 0118 933 1111 Fax: 0118 9331275 
USED ELECTRONIC TEST EOUIPMENT 

Check website www.stewart-of-reading.co.uk 

(ALL PRICES PLUS CARRIAGE & VAT) 

Please check availability before ordering or calling in 
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Want to connect a microcontroller to your PC? How about interfacing 
with a microSD memory card? These low-cost modules make life 
really easy! Jim Rowe shows you how. 


T he second modüle we’re looking 
at this month has been used in a 
number of recent projects. It’s a serial 
USB-UART (universal asynchronous 
receiver/transmitter) bridge which al- 
lows just about any microcomputer or 
peripheral modüle to exchange data 
with a PC, via a Standard USB port. 

Let’s start by explaining what is 
meant by the rather chımsy term’serial 
USB-UART bridge’. First, a UART is 
an interface which can operate in one 
of several different common serial 
protocols. The serial protocol we’re 
most interested in (and which is most 
widelyused) is 3.3VTTURS-232. The 
term ‘bridge’ simply refers to the fact 
that this modüle allows data to pass 
between the USB interface and UART 
interface unchanged. 

In fact, we’ve already described 
a device with essentially the same 
purpose, the Microchip MCP2200 
‘protocol converter’ used in the USB/ 
RS-232C Serial interface which was 
published in the April 2015 issue. 

Note that for a UART to provide a 
fully compatible RS-232 serial port, 
as used in many now-obsolete PCs, 
it’s necessary to provide level shifting 
from the UART’s 3.3V (TTL) signal- 
ling levels to the RS-232 bipolar logic 
levels of ±3-15V. 

But these days, RS-232 is commonly 
used for short-range Communications 
between microcontrollers and bridges 
and in this case, the TTL signal levels 
are ali you really need. 

The first serial USB-UART bridge 
modules to become popular were based 
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around British firm FTDI’s improved 
FT232R converter chips. However, 
these chips became so popular that 
some Asian firms made ‘clones’ of 
them, even going so far as copying the 
package markings. 

Understandably, this upset FTDI 
and as a result they released a new 
version of their Windows VCP driver 
which was able to identify when a 
clone chip was being used and dis- 
able it. This ‘clone killer’ driver was 
included in an automatic update that 
Microsoft unwittingly provided to 
Windows users. 

As a result, thousands of people 
found that their low-cost USB-UART 
converter modules, some inside com- 
mercial products, suddenly stopped 
working and became worthless. Natu- 
rally, this made many people cautious 
of buying any converter based on the 
FTDI FT2 3 2R chip, because of the diffi- 
culty in ensuring that you are buying a 
genuine FTDI chip rather than a clone 
chip that would stop working as soon 
as you tried to use it with Windows. 

As a result of this, CP2102-based 
USB-UART bridges have become very 
popular. These are not only less expen- 
sive than FT2 32-based modules but are 
(currently) free from such driver issues. 

A good example of this type of mod¬ 
üle is the tiny one shown in the photo 
to the right. This same modüle has 
been used in recent projects and can 
be used with virtually any Micromite 
to program the micro as well as debug 
the software or load data into or out of 
the micro’s RAM. 


The CP2102-based bridge 

As you can see from the photo and Cir¬ 
cuit diagram in Fig.l, there’s very little 
in this modüle apart from the CP2102 
chip (ICl), three indicator LEDs and 
half a dozen passive components. 

The internals of ICl’s tiny (5 x 5mm) 
28-pin QFN SMD package are shown 
in the internal block diagram, Fig.2. 
It’s conceptually quite simple but in- 
volves tens of thousands of logic gates 
and memory cells as well as carefully 
designed analogue circuitry. 

The main functional blocks are the 
USB transceiver at lower left, the USB 
function controller at lower centre and 
the UART block at lower right with its 
full range of data and handshaking in- 
puts and outputs. Notice that there’s 
also an internal 1024-byte EEPROM 



A CP2102 modüle, measuring only 20 x 
16mm. Two of the indicator LEDs glow 
when data is being transmitted. 
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Fig.l: complete Circuit diagram for the CP2102-based serial USB-UART bridge. The 
CP2102 can be powered directly from the USB Vgus üne and it contains a low drop- 
out voltage regülatör to provide 3.3-3.45V (V^d) from 4-5.25V (REGIN). 


used to store the USB ID information: 
the vendor ID, the product ID, the se¬ 
rial number, the power descriptor, the 
release number and product descrip- 
tion strings. 

In addition, there are two RAM buff- 
ers, one 640-byte USB transmit buffer 
and one 576-byte USB receive buffer. 

Since the CP2102 has a calibrated 
48MHz oscillator, it needs no exter- 
nal crystal to operate at the USB 2.0 
full-speed rate of 12Mbps. Finally, it 
contains its own low drop-out (LDO) 
voltage regülatör, to give an output 
of 3.3-3.45V from an input (REGIN) 
within the range 4.0-5.25V. This means 
that it can be powered directly from 
the USB Vbus line. 

Circuit details 

While this regülatör can supply up to 
lOOmA, the circuitry within the chip 
itself draws only a little över 26mA 
(maximum) even in normal operation, 
and only lOOpA when suspended. 
This means it can supply up to 70mA 
or so for external circuitry needing a 
3.3V supply. 

In short, the CP2102 is a very im- 
pressive chip. Now turn your attention 
back to the module’s Circuit of Fig.l. 
There’s a micro-USB socket at the 
left (CONl) to connect to a PC’s USB 
port via a Standard cable and also to 
power the modüle itself. So the Vgus 
line from pin 1 of the socket connects 
to pins 7, 8 and 9 of the CP2102, with 
lOpF and lOOnF bypass capacitors. 

Note that the modüle does not pro¬ 
vide connections to any of the CP2102 
UART’s handshaking lines, except for 
DTR (‘data terminal ready’). However, 
this is unlikely to pose a problem for 
most applications nowadays, since 
even the DTR line is rarely used. 

On the right-hand side there’s a 
6-way pin header (CON2) for the 
UART input, output and handshaking 
(DTR) connections, plus the ground, 


+5V and +3.3V power connections for 
use by external circuitry. There’s also 
a lOOnF bypass capacitor on the +3.3V 
line, plus three small indicator LEDs, 
each with its own series resistor for 
current limiting. 

LEDl is driven from pin 11 of the 
CP2102, the SUSPEND output, so it 
only glows when the device is not sus¬ 
pended by the hoşt PC, ie, when it’s 
communicating with the PC normally 
via USB. On the other hand, LED2 
and LED3 are connected between the 
+3.3V supply (pin 6) and pins 26 (TXD) 
and 25 (RXD) respectively, to indicate 
when data is being sent and received 
via the bridge. 

LEDl draws a little över İmA when 
it’s operating, while LED2 and LED3 
will each draw about 5mA. Thus the 
LEDs could drawup t o llmA from the 
3.3V supply (with full duplex serial 
Communications, allowing LED2 and 
LED3 to light simultaneously) and this 
should be taken into account when fig- 
uring out how much reserve current is 
available for external circuitry. 

How to use it 

Using the CP2102 based USB-UART 
bridge modüle is very straightfor- 
ward. But before you can do so, you 


may need to install a Virtual COM port 
(VCP) driver on your PC. This is the 
software which takes çare of buffer- 
ing data to and from the bridge and 
setting up the UART. In Windows, it 
makes the UART appear as if it were 
a legacy COM port. 

You can get the right VCP driver 
from the Silicon Labs website: www. 
silabs.com/products/interface/Pages/ 
interface-software.aspx 

You can also download the latest 
version of the CP2102 data sheet from: 
www.silabs.com/support/Pages/docu- 
ment-libr ary. aspx 

When you go there you’ll find they 
can provide VCP drivers for not only 
Windows 7-10, but also for Windows 
2000/XP/Vista/Server 2003, WinCE, 
Mac OS 9 and X, Linux (3.x.x and 
2.6.x) and Android. They can also pro¬ 
vide drivers for direct ‘USB-Xpress’ 
interfacing to the PC, as an alternative 
to using the VCP approach. 

Note that most modern operating 
Systems, including Windows 10 and 
the latest versions of Mac OS X and 
Linux, should already have a suitable 
VCP driver installed. In this case, ali 
you need to do is plug the bridge into 
a USB port and check that it has been 
recognised (eg, in Windows, check that 
a new COM port appears). 

Önce the driver is installed and 
working, you can set up your applica¬ 
tions to communicate with the modüle 
via the new COM port. That includes 
setting the correct baud rate and other 
options. 

Of course, your circuitry on the 
UART side of the modüle needs to be 
connected to the appropriate pins on 
header C0N2. These will usually be 
just the RXI, TXO and GND pins, al- 
though you might also want to make 
use of one of the power supply pins 
as well. 

If you aren’t sure whether the bridge 
is working properly, the simplest way 
to test it is to wire up the RXI pin to 
the TXO pin. You can then öpen a ter¬ 
minal emulator, connect to that port 



Fig.2: block diagram for 
the CP2102. This UART 
interface implements ali 
RS-232 signals, including 
those for control and 
handshaking, although 
an external level shifter is 
required for full RS-232 
compatibility. 
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REGİ AMS1117* 



CS 

SCK 

MOSI 

MISO 

VCC 

GND 



Fig.3: fiili circuit of the SPI/microSD adaptör modüle. REGl reduces the 5V (Vcc) 
input supply from the hoşt modüle to 3.3V, as required by microSD cards, while 
ICl similarly reduces signal levels from the micro (which may run off 5V) to the 
3.3V signal levels used by the SD card's I/Os. 


Fig.4: internal block diagram of the 
SN74LV125A IC. When an OE input is 
pulled high, the corresponding output 
is disabled and has a high impedance. 


and type on your keyboard. The typed 
characters should be sent back to you 
and appear in the terminal. If that 
works, but you stili can’t communicate 
with your target device, check that the 
connections to its TX/RX pins are not 
swapped and also that you have set the 
right baud rate. 

microSD card interface 

There are many different adaptors for 
accessing an SD memory card from a 


microcontroller or embedded modüle 
but they generally function in the same 
manner. The main differences are in 
terms of the card Socket they provide 
and the chip(s) they use for interfacing. 

The full circuit for this modüle 
is shown in Fig.3. Note that ali SD 
cards can communicate via either 
serial peripheral interface (SPI) or a 
faster method, which consists of ei¬ 
ther a 4-bit parallel bus (older cards) 
or a high-speed differential interface 


(UHS-compatible cards). The SPI 
method is by far the simplest to imple- 
ment with a microcontroller, unless it 
has a built-in SD card interface. 

The other important thing to note 
is that ali SD memory cards are in- 
tended to run from a 3.3V power 
supply and expect logic signals no 
higher than +3.3V. Some cards can 
only accept signals swinging över a 
smaller range, like 0-1.8V (UHS-I) or 
0-0.4V (UHS-II). 


COM Port: PC Communications port, normally sending and 
receiving data using the RS-232 serial protocol. 

CS (Card/Chip Select): used in an SPI bus to indicate when 
the master wants to communicate with a slave (pulled low). 

DTR (Data Terminal Ready): a £ flow control’ signal which is 
used to indicate when the serial port is ready to receive 
data. Other, related flow-control signals include DSR (Data 
Set Ready), CTS (ClearTo Send) and RTS (Ready To Send). 

EEPROM (Electrically Eraseable, Programmable Read-Only 
Memory): non-volatile memory that can be erased and 
revvritten by applying a higher voltage than is used to read 
data back. EEPROM is normally more robustthan Flash. 

LDO (low drop-out [regülatör]): a regülatör which can maintain 
regulation with less than 2V betvveen its input and output. 

Micromite: a Microchip PIC32 programmed with the 
MMBasic interpreter. 

MISO (master in, slave out): the serial data line used to transmit 
data from the selected slave to the master in an SPI bus. 

MOSI (master out, slave in): the serial data line used to transmit 
data from the master to the selected slave in an SPI bus. 

QFN (Quad Fiat No-lead): a Standard series of surface-mount 
integrated circuit packages. As the name suggests, it is 
attached to a PCB vvithout through-holes via lands (pads) 
on the bottom and sides of the package (ie, vvithout leads). 

RS-232 or EIA-232: one of the most common standards for 
serial Communications. Used by the serial ports on older 
PCs. Uses one wire for self-clocked data in each direction 
plus optionally, several flow control signals. 


RX or RXD: serial data receive line. Normally connected to TX 
or TXD on the other device. 

Serial Communication: the process of transferring data one 
bit at a time över a communication channel or bus. 

SCK (Serial Clock): the shared clock line in an SPI bus, driven 
by the master, typically up to 20MHz. 

SD (Secure Digital): a non-volatile portable storage device 
using Flash memory. Successorto MMC (MultiMediaCard). 

SPI (Serial Peripherial İnterface): a Standard serial interface 
bus, commonly used betvveen a microcontroller and 
peripherals such as SD cards. Unlike RS-232, SPI has 
a separate clock line - ie, three vvires for bidirectional 
Communications. 

TTL(Transistor-Transistor Logic): refersto digital signals with 
a5Vor (later) 3.3Vamplitude, as used in early digital circuits. 

TX or TXD: data transmission line. Normally connected to RX 
or RXD on the other device. 

UART (Universal Asynchronous Receiver/Transmitter): circuit 
to handle sending and receiving of serial data using one of 
several different serial protocols or variations thereof. 

USB (Universal Serial Bus): high-speed serial bus with povver 
(initially using four conductors) vvhich replaced RS- 
232 and parallel ports for interfacing a PC to pluggable 
peripherals; from 1.5Mbps up to 5Gbps in latest version. 

UHS (Ultra High Speed): transfer speed for the latest SD 
cards; upto 104MB/S for UHS-I, and 312MB/S for UHS-II. 

VCP (Virtual COM Port): a device driver that emulates an 
RS-232 serial port över a different protocol such as USB. 
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This microSD modüle on a 43 x 24mm 
PCB is available from the Silicon Chip 
online shop at: www.siliconchip.com. 
au/Shop/7/4019 

Justbecause a chip has an SPI inter- 
face doesn’t mean it can necessarily 
interface directly with an SD card. If 
the micro operates from a 5V supply, 
its SPI port(s) may well provide and 
expect logic high signals above +3.3V. 
This means that the adaptör is needed 
both to drop the supply voltage down 
to 3.3V (assuming a suitable rail is 
not already available elsewhere) and 
also to act as a logic-level translator 
for the SPI signals. 

The modüle shown here incorpo- 
rates LDO regülatör REGl to drop the 
+5V supply voltage from the micro 
(via J2) down to the +3.3V needed by 
both the microSD card at Jl, and the 
single chip (ICl) on the modüle itself. 

ICl is an SN74LV125A tri-state 
buffer, to interface between the 5V 
logic levels (TTL) used on the micro 
side (via J2) and the low-voltage (0- 
3.3V) logic levels used on the SD card 
side (via Jl). ICl operates as a quad 
non-inverting buffer with tri-state 
outputs, ie, each output has its own 
OE (output enable low) input; see the 
internal block diagram of Fig.4. The 
OE inputs are not used, they are ali 
tied to ground to enable the buffers 
permanently. 

If you trace the signal paths through 
the Circuit, you’ll see that the three 
outgoing signal lines from the micro’s 
SPI port at J2 (CS [card select], SCK 
[serial clock] and MOSI [data; mas- 
ter out, slave in]) each pass through 
a 3.3kQ isolating resistor (to reduce 
ringing and provide some static elec- 
tricity protection) and then through 
one of the buffers in ICl to reach 
the corresponding pin on SD card 
Socket Jl. 

For example, the 5V MOSI signal 
enters via J2, passes through its 3.3k£l 
resistor and then goes to buffer input 
İA (pin 2). The low-voltage logic 
version of this signal then emerges 
from the İY output (pin 3) and runs 
to the MOSI pin of Jl, the microSD 
card socket. 

The SCK and CS signals are pro- 
cessed via ICl buffers 2 and 3 in the 
same way. The path followed by the 
MISO (data; master in, slave out) 
signal is similar, the only difference 


being that in this case the signal is 
travelling from the microSD card at Jl 
back to the micro at J2. Note though 
that the circuit does not level-shift 
this signal to 5V, so the micro will 
have to cope with a data input signal 
that only swings up to around 3.3V; 
most 5V micros are capable of this. 

So the hardware side of the mod¬ 
üle is quite simple. Having said that, 
the SD card control protocol is quite 
complicated and so the software re- 
quired to drive it is far from trivial. 

Putting it to use 

Since the modüle simply provides 
a transparent bridge linking the mi¬ 
croSD card to the SPI port of your mi- 
crocomputer, the software or firmware 
in the micro can exchange data with 
the card using the Standard SPI com- 
mands. So with an Arduino, you can 
use commands like: 

SPI.beginTransaction(SPISettingsO); 
receivedVal = SPI.transfer(val); 
SPI.endf); 

There’s also an Arduino code li- 
brary built into recent versions of 
the Arduino IDE, designed especially 
for reading from and writing to SD 
cards. It offers commands like begin(), 
mkdir(), open(), remove(), rmdir(), 
available(), close(), write() and read(). 

With a Micromite it’s also fairly 
straightforward, using commands 
such as: 

SPI ÖPEN speed, mode, bits 
received_data = SPI(data_to_send) 
SPI CLOSE 

However, the Micromite Plus has 
built-in library commands specifi- 
cally intended for reading and writing 
to SD cards; see the recent articles on 
Micromite programming. 

Useful links 

■ Information on using Standard SPI 
commands with an Arduino, in- 
cluding some short examples, can 
be found at: www.arduino.cc/en/ 
Reference/SD 

■ Details on using SPI Communica¬ 
tions with a Micromite begin on page 
92 of the Micromite manual: http:// 
geoffg.net/Downloads/Micromite/ 
Micromite%20Manual.pdf 

■ An article on the SPI bus is avail¬ 
able at: http://en.wikipedia.org/ 
wiki/Serial_Peripheral_Interface_ 
Bus 

■ VVikipedia also hasa very informa- 
tive article on the many kinds of 
SD cards, at: http://en.wikipedia. 
org/wiki/Secure_Digital 



PoLabs 


For more information or HjgE 
softvvare dovvnload please visit 


www.poscope.com/epe 


Connect, Control 


Ethernet 
Web server 
Modbus 
CNC (Mach3/4) 


- Encoders 

- LCD 

- Analog inputs 

- Compact PLC 


up to 256 

- up to 32 

microsteps 

microsteps 

50 V/ 6 A 

USB configuration 
Isolated 

- 30 V/ 2.5 A 

Measure 


- up to 50MS/S 

- resolution up to 12bit 

- Lovvest power consumption 

- Smallest and lightest 

- 7 in 1: Oscilloscope, FFT, X/Y, 
Recorder, Logic Analyzer, Protocol 
decoder, Signal generator 
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bvMı'ke Toolev 


Welcome to Teach-In 2018: Get 
testing! - electronic test equipment 
and measurement techniques. This 
Teach-In series will provide you with 
a broad-based introduction to choosing 
and using a wide range of test gear, how 
to get the best out of each item and the 
pitfalls to avoid. VVe'll provide hints and 
tips on using, and - just as importantly - 
interpreting the results that you get. We 
will be dealing with familiar test gear 
as well as equipment designed for more 
specialised applications. 


Our previous Teach-In series have dealt 
with specific aspects of electronics, such 
as PICs ( Teach-In 5), Analogue Circuit 
Design ( Teach-In 6) or popular low-cost 
microcontrollers ( Teach-In 7 and 8). The 
current series is rather different because 
it has been designed to have the broadest 
possible appeal and is applicable to 
ali branches of electronics. It crosses 
the boundaries of analogue and digital 
electronics with applications that span 
the full range of electronics - from a 
single-stage transistor amplifier to the 


most sophisticated microcontroller 
system. There really is something for 
everyone in this series! 

Each part includes a simple but useful 
practical Test gear project that will build 
into a handy gadget that will either extend 
the features, ranges and usability of an 
existing item of test equipment or that will 
serve as a stand-alone instrument. We Ve 
kept the cost of these projects as low as 
possible and most of them can be built 
for less than £10 (includingcomponents, 
enclosure and Circuit board). 


This month 

In this, the sixth part of Teach-In 2018, 
In theory looks at the specifications 
used for audio frequency (AF) 
equipment, including power amplifiers, 
preamplifiers, filters and tone Controls. 
Gearing up introduces AF test equipment 
and techniques, while Get it right! helps 
you avoid test and measurement pitfalls 
and provides useful hints and tips that 
will help you to improve the accuracy 
and relevance of your measurements. 
Finally, our sixth Test gear project is a 
low-distortion 1kHz signal source that 
can be used to carry out a variety of 
useful tests and measurements. 



Several different parameters are used 
in performance specifications for audio 
equipment such as power amplifiers, 
preamplifiers, filters and tone Controls. 
Many are obvious, but a few need a 
little explanation. Those that readers 
will doubtless already be familiar with 
include: 

■ Voltage gain (expressed as a voltage 
ratio or in dB) 

■ Input and output impedance 

■ Frequency response (or bandwidth 
limit s) 

■ Output power. 


■ Phase/frequency response 

■ Damping factor (DF) 

■ Transient response (rise/fall time and 
slew rate) 

■ Cross-talk 

■ Distortion (HD, THD and IMD) 

■ Hum and noise 

■ Signal-to-noise ratio (SNR). 


Not every parameter is important in 
a particular application, so before we 
look at how these specifications are 
measured it is worth explaining what 
each means and how it impacts on the 
performance of a particular item of audio 
equipment. To put these parameters into 
context, Table 6.1 lists the specifications 


Table 6.1 Specification for a high-performance audio power amplifier 


Parameter 

Quoted specification 

Number of channels 

Two (note 1) 

Rated povver output 

75W into 8iî at less than 0.03% THD (notes 2 and 3) 

Voltage gain 

28dB 

Input sensitivity for rated output 

IV 

Frequency response 

20Hz to 20kHz at -IdB and 5Hz to 100kHz at -3dB 

Phase response 

+57-15° över the frequency range 20Hz to 20kHz 

Signal-to-noise ratio 

Greater than 120dB över the range 20Hz to 20kHz 

Total harmonic distortion (THD) 

Less than 0.03% (note 4) 

Intermodulation distortion (IMD) 

Less than 0.03% (note 4) 

Rated load impedance 

4n toi6n 

Damping factor 

Greater than 400 

Slew rate 

Better than 50V/jus 

Input impedance 

28k*l 

DC output offset 

Less than ±5mV 


Notes 3. Full-bandwidth power (FTC) is 60W 

Several other parameters may be less i. Left (L) and right (R) channels of a stereophonic system 4. At ali power levels up to, and including the rated 
obvious - they include: 2. Per channel with both channels driven output power. 
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Fig.6.1. Some prototype amplifiers, filters and 
tone Controls ready for testing 


of a high-performance audio power 
amplifier. 

Voltage gain 

The voltage gain providedby an amplifier 
is simply the ratio of output voltage to 
input voltage (where input and output 
voltages are both specified in the same 
units - eg, both RMS or both peak-peak 
values). 

input sensitivity 

The input sensitivity of an amplifier is 
the input voltage needed to produce the 
amplifier’s rated output. 

input and output impedance 

The input impedance of an amplifier 
is the impedance ‘seen’ looking into 
the amplifier’s input. Similarly, the 
output impedance of an amplifier is 
the impedance ‘seen’ looking back into 
the amplifier’s output. This means that 
the output impedance of an amplifier is 
the internal impedance of the amplifier 
at its output. Ön page 38 we explain 
this concept in more detail by using an 
equivalent Circuit. 

Frequency re sp önse 

The frequency response of an amplifier 
is usually expressed in terms of its lower 
and upper cut-off frequencies. ‘Cut-off’ 
is a confusing term since it might imply 
that there is no amplification below 
and above the lower and upper cut-off 
frequencies. This is not the case, and the 
term simply refers to a given reduction 
in output voltage or power. In most 
cases, the cut-off frequency is taken to 
mean the frequency at which the output 
voltage has fallen to 70.7% of its mid- 
band value (this is the point at which 
the output power falls to exactly half of 
the mid-band value). 

Output power 

The output power produced by an 
amplifier is the maximum power that 
it can deliver under linear conditions 
(ie, with a sinusoidal input and output). 
When this is the case we can express 
the power delivered to a load (of given 
impedance or resistance) in RMS watts. 
Since distortion increases with output 
power this parameter is often specified at 
a specific level of distortion (eg, 10W for 
0.1% distortion or 15 W for 1% distortion). 

To overcome the ambiguities associated 
with the specification of audio output 
power, several standards have been 


introduced. The notion of 
‘continuous average power’ 
was first introduced in the US 
and several other countries as 
a means of dispelling some of 
the myths associated with audio 
power measurement and its 
specification. The term defines 
the output of an amplifier 
when delivered on a sustained 
basis and the Federal Trade 
Commission (FTC) Standard, 
originally published in 1974, 
requires that, before measuring 
the output power, an amplifier 
should be ‘preconditioned’. The FTC 
States that this process should involve 
operating the amplifier with ali channels 
simultaneously driven at one third of 
rated output power for a period of one 
hour. The FTC Standard also specifies 
the temperature (25°C) at which the 
measurement should be carried out and 
further States that it should be carried 
out at ‘ali frequencies within the power 
band’ and ‘without exceeding the rated 
maximum percentage of total harmonic 
distortion’ (THD). Importantly, the FTC 
requires that the rated power output 
should be sustainable for a period of not 
less than five minutes. 

The most recent international Standard 
for specifying amplifier performance is 
defined in IEC (BS EN) 60268 Part 3, 
Sound system equipment: Amplifiers. 
Published in 2013, this Standard applies 
not only to conventional analogue 
amplifiers but also to the analogue 
parts of analogue/digital amplifiers 
that form part of a sound system for 
professional or household applications. 
The Standard specifies the characteristics 
that should be included in specifications 
of amplifiers and the corresponding 
methods of measurement. In particular, 
it defines methods for measuring the 
short-term, long-term and temperature- 
limited output power of an amplifier. 

Phase response 

The output signal of an amplifier may 
not rise and fail in sympathy with its 
input, and there will often be an amount 
of angular shift (expressed in degrees) 
between the two signals. For example, 
if the output signal from an amplifier is 
inverted when compared with its input 
there willbe 180° of phase shift between 
the input and output signals. The input 
signal is usually taken to be the reference 
signal and the output may shift forwards 
(leading) or backwards (lagging) över a 
range of frequencies. 

Dam ping factor 

The output impedance of a power 
amplifier is usually very small (a fraction 
of an ohm) but is rarely specified and is 
difficult to measure. Instead, damping 
factor (DF) is used as a measure of the 
output impedance relative to that of the 
load (usually a much higher value). DF 
is simply the ratio of the load impedance 
(often 4f2, 8£2 or 15£2) to the amplifier’s 
internal impedance (usually less than a 
tenth of an ohm). In matched Systems 


(such as 600£2 line amplifiers) the input 
and output resistances will both be the 
same, yielding a unity DF. 

Transient response 

Transient response is important in high- 
quality and wideband amplifiers, and it 
can be expressed in several different ways 
including rise/fall time and slew rate. 
Rise time is the time taken for the output 
voltage to swing from its most negative 
value to its most positive value, whereas 
fail time is the time taken for the output 
voltage to swing from its most positive 
value to its least positive value. Rise time 
is conventionally measured between the 
10% and 90% points of the leading edge 
of a positive-going transient, while fail 
time is measured between the 10% and 
90% points of a falling-edge transient. 
Both times should be very small (ideally 
no more than a few tens or hundreds of 
nanoseconds). An alternative measure is 
based on the rate at which a perfect (ie, 
zero time) transient voltage rises or falls 
at the output of an amplifier. In effect, the 
specified parameter is the rate of change 
of voltage with time. 

Cross-talk 

When more than one channel is present 
within an amplifier there may be some 
leakage of signal from one channel into 
the other. This can arise from various 
causes, including inadequate screening 
and poor power supply design. Cross talk 
is usually measured in decibels (dB) and 
is the ratio of signal from one channel 
appearing in the other. Cross-talk figures 
are usually high, with values of 90 to 
120dB being typical. 

Distortion 

The two most common forms of non- 
linear distortion are harmonic distortion 
(HD) and intermodulation distortion 
(IMD). HD is often specified in terms of 
the total amount of harmonic distortion 
present (THD). In both of these forms of 
distortion extra frequency components 
are added to a signal due to non-linearity 
of an amplifier’s transfer characteristic. 
If an amplifier had a perfectly linear 
transfer characteristic there would be 
no HD and no IMD. 

Distortion is usually expressed in 
decibels (dB) or as a percentage of the 
rated output. Even-order harmonic 
distortion is generally caused by an 
asymmetrical transfer characteristic 
whereas odd-order harmonic distortion 
is caused by a symmetrical non- 
linearity. IMD arises from different signal 
frequency components mbdng together 
to produce new frequency components. 

Hum and noise 

Hum and noise within an amplifier can 
also be added to a signal. These are 
also unwanted components present at 
the output that are not present at the 
input. Hum is simply the appearance of 
a signal at mains supply frequency (or 
twice the mains supply frequency). Hum 
can be carried on supply voltage rails, 
where it appears as a small AC signal 
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Fig.6.2. Equivalent circuits of an amplifier 


superimposed on the DC supply. It can 
also find its way into an amplifier when 
stray magnetic fields (such as those that 
surround power transformers) induce 
current into nearby wiring. Hum can be 
reduced, if not completely eliminated, by 


good power supply design, 
using screened signal 
cables, and by adequate 
screening and grounding 
of chassis and chassis- 
mounted components. 

Noise is a random 
fluctuation superimposed 
on a wanted signal. 
Unfortunately, ali electronic 
components produce noise 
- but some produce more 
noise than others. The 
amount of noise that they 
produced depends not only 
on the type, construction 
and material used in the 
component, but also on 
the electrical conditions 
under which it is operated 
(ie, current and voltage) as well as, very 
significantly, the temperature. Noise is 
a particular problem within high-gain 
amplifiers where noise generated in the 
first stage receives the full benefit of the 
gain provided by the subsequent stages. 



(a) Voltage gain, semEtlvKy and outpuL power using an external load 





(d) Output ı m pe d a nce /re sista n ce using sn PUtput vOİtmeter and an suternal Ipsd 


Fig.6.3. Arrangements for measuring basic 
amplifier specifications 


Signal-to-noise ratio 

Signal-to-noiseratio (SNR) 
istheratioofwantedsignalto 
the amount of noise present 
and is usually expressed 
in decibels (dB). Since 
distortion will invariably 
also be present and can 
be difficult to separate 
during measurement, a 
more practical measure 
is often used. SINAD, or 
‘signal in noise advantage’, 
is a measure of the signal 
quality that takes into 
account the presence 
of distortion. SINAD is 
calculated from the ratio of 
total output signal power 
(ie, signal power plus noise 
power plus the power 
arising from distortion 
components) to the noise- 
plus-distortion power. 

As might be expected, 
SINAD performance is 
only slightly worse than 
the SNR performance but 
the SINAD figüre is usually 
a more reliable measure of 
performance, particularly 
when a significant amount 
of noise and distortion is 
present. Note that, since 
the response of the human 
ear favours the middle 
frequency range (from 
about 500Hz to around 
5kHz), noise is often 
specified A-weighted in 
relation to its effect within 
this band. 

Equivalent Circuit of an 
amplifier 

Before making meaningful 
measurements on an 
amplifier it is useful to 
have an idea of what goes 


on ‘inside the box’ and what happens 
when the ‘box’ is connected to a source 
and load. For this, we can make use of 
an equivalent Circuit, like that shown in 
Fig.6.2(a). This simplifies the internal 
Circuit to just three components and 
ignores the effect of changes at the 
output affecting the input. The three 
components present are: 

■ input impedance, ^in 

■ Output impedance, Z out 

■ Voltage source, A v x V[ n 


When the amplifier is driven from a 
source and connected to a load, the 
equivalent circuit becomes a little more 
complicatedandis shown inFig.6.2(b). It 
assumes that in the mid-band frequency 
range the reactive components are 
negligible, so we’ve further simplified 
the circuit by replacing the impedances 
with their corresponding resistances. 
Thus, the voltage at the input of the 
amplifier will be: 

V = V. X- SL - 

ın ın R 

m S 

While at the output of the amplifier it 
will be: 


V = (A. x V ) x 

out v V ın y 


r t 


R r +R 

L out 


If R[ n » Rs and R out « R l then the 
overall voltage gain (Ğ) will be given by: 


V f \xV 

- out — v _ ın 


V. 


V. 


=\ 


Measuring amplifier specifications 

Measuring voltage gain, sensitivity and 
frequency response 

To measure the voltage gain, sensitivity 
and frequency response of an amplifier, 
a sinewave signal at a frequency in 
the centre of the amplifier’s mid-band 
range (usually 1kHz) is applied to the 
input, and the amplifier is adjusted for 
an undistorted output by observing the 
output waveform using an oscilloscope. 
The amplifier should be connected to a 
suitably resistive load (not a loudspeaker) 
as shown in Fig.6.3(a). RMS-reading AC 
voltmeters should be used to measure the 
input and output voltages from which 
the voltage gain can be calculated (see 
earlier). Similarly, the sensitivity can be 
measured by adjusting the amplifier for 
its rated output power and measuring the 
corresponding input voltage (any gain 
or volüme control fitted to the amplifier 
must usually be set to maximum before 
making this measurement). 

The arrangement shown in Fig.6.3 (a) 
can also be used to measure an amplifier’s 
frequency response. The output 
frequency of the AF signal generator is 
adjusted över the amplifier’s full working 
range and, at each end of this range the 
frequency at which the output voltage 
falls to 70.7% of its mid-band value 
is located. These are the two ‘cut-off’ 
frequencies. If the amplifier’s response is 
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Fig.6.4. Measured frequency response of a Technics SU-Z22 Fig.6.5. Measured frequency response of a 1kHz 

power amplifier filter (ref: OdB at 1kHz) 


not substantially e fLat’ then it is advisable 
to take a series of readings and plot the 
frequency response as a graph. Some 
typical frequency response graphs are 
shown in Fig.6.4 and Fig.6.5. 


Output power 

Output power should be measured under 
sinusoidal conditions and should be 
the power that the amplifier can deliver 
on a continuous basis. Since values of 
voltage and current measured are both 
expressed in terms of ‘root mean square’ 
quantities, this power is sometimes 
referredto as ‘RMSpower\ These values 
can be read from a voltmeter or ammeter 
calibrated for sinewave operation (as is 
invariably the case with instruments 
that are designed to make conventional 
AC power line measurements). The term 
‘RMS power’ is, however, somewhat 
misleading since the power that is 
indicated by this measurement is actually 
the average power över a cycle of the 
wave. When this power is dissipated in 
a resistor it appears as heat. 

To put this into context, let’s assume that 
you have a load of known resistance (not 
a loudspeaker) connected to an amplifier, 
and that the amplifier is supplied with a 
sinewave signal source within the middle 
of the audio band (usually 1kHz). We 
also need to ensure that the output of 
the amplifier (the voltage or current that 
we are going to measure) is not distorted 
(ie, that it is truly sinusoidal). In order 
to do this we would need to observe 
the output waveform, checking with 
an oscilloscope that it has not become 
clipped or otherwise distorted. If we now 
measure the RMS AC voltage we can 
determine the output power (P out ) from: 


p =/ xV = 

out out out 


(V 


R, 


v z 


out I w T/ — out 
* ’out — 


% 


If, for example, we had used an 80 load 
and measured an undistorted 10V RMS 
developed across it we would be able to 
determine the power output from: 



*ı. 


İÜ 2 

8 


100 


= 12.5W 


If we had used an oscilloscope (instead 
of an AC meter) to measure the output 


voltage we would probably find it much 
easier to measure the peak-to-peak value 
of the waveform. We can then convert this 
value, Vo U t(pk-pk), to an RMS value anduse 
that value in our calculation, as follows: 


V 


2 

out 

Rr 


V 


out(pk-pk) 


2V2 J _ İyout(pk-pk)) 


Rr 


8 R r 


Putting this into context with some 
typical figures, let’s assume that the 
oscilloscope indicates a peak-peak 
voltage of 2 OV with a load having a 
resistance of 40. The outputpower would 
be calculated from: 

p _ İyputjpk-pk)) _ 20 _ 400 _ J ^ 


8 R t 


8x4 32 


Measuring output power 

The arrangement for measuring output 
power is similar to that used for voltage 
gain and sensitivity measurement, as 
shown in Fig.6.3(b). If an AF output 
power meter is available then this can 
usually provide the load required, but 
if such an instrument is unavailable a 
separate external load will be required. 
The test load should not only be purely 
resistive, but it should also be adequately 
rated in terms of power dissipation. 
For most practical purposes this means 
that one or more high-power resistors 

50 75W 


L1 O- 




5Q 50W 

° 15025W 
0 Ext, 


will be required, and using a suitable 
combination of series and/or parallel 
components it is possible to provide 
several different load resistances. 

The Circuit of a simple but effective 
load is shown in Fig.6.6. The load can 
be switched to provide resistances of 50, 
7.50andl50at maximum p o wer ratings 
of 75W, 50W and 25W respectively. To 
realise these values we used three high- 
power ahıminium-cladwire-woundl50 
resistors. Each resistor should be rated at 
25W when mounted and used according 
to the manufacturers recommendations 
(note that the manufacturer suggests de- 
rating by 50% when the resistors are not 
used with a heat-dissipating surface (ie, 
a heat sink) or when they are used at a 
high ambient temperatures. The resistors 
are Arcol part number ‘FIS2 5 15RJ’ (or 
similar) and they are available from 
several electronic component suppliers 
including Rapid Electronics (stock code 
62-8430). Note that the switched 50,7.50 
or 150 resistances offered by our output 
load should prove satisfactory with 
amplifiers rated for 40, 80 or 150 loads. 


Measuring input impedance/resistance 

An arrangement for measuring input 
resistance is shown in Fig.6.3(c). A 
variable resistor or decade resistance 
box - ‘ VR’ - is inserted at the input. This 
resistor is initially set to zero and the 
amplifier is adjusted for normal operation 
(without clipping or distortion evident 
from the waveform displayed on the 
oscilloscope). The output voltage is 
then noted, after which VR is adjusted 
until the output falls to exactly half 
this value. At this point, the value of 
resistance is measured (or read from 
the decade resistance box). The input 
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15 

25W 4 
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R3 

15 
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Fig.6.6. Circuit of the output load 


Fig.6.7. The three 15ü 25W 
wire-wound resistors used in the 
switched output load 
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Fig.6.8. Using a sinewave signal t o 
testfor various distortion conditions 



Fig.6.9. Square-wave testing can 
provide a rapid means of checking 
the frequency response and transient 
performance of an amplifier 

resistance of the amplifier can then be 
calculated from: R[ n = VR + R s 
Here, R s is the source impedance of the 
signal generator (often 600£2 or 50£2). 


Measuringoutputimpedance/resistance 

An arrangement for measuring output 
resistance is shown in Fig.6.3(d). A 
variable resistor or decade resistance 
box (VR) is used as a load. This resistor 
is initially left disconnected (ie, open- 
circuit) and the amplifier is önce again 
adjusted for normal operation (but 
without a load present). The output 
voltage is then noted, after which VR is 
reconnected and adjusted until the output 
falls to exactly half its previous value. 
At this point, the value of resistance 
is measured (or read from the decade 
resistance box). The output resistance 
[R ou t ) can then be calculated from: R out 
= VR. Note that this method is unsuitable 
for use with power amplifiers because they 
have an extremely low output impedance 
and the excessive current demand may 
cause damage to the output stage. 

Waveform testing 

If you have a signal generator and an 
oscilloscope handy you can carry out 
a very quick check on the performance 
of an amplifier by simply observing 
the output waveform produced when 
a signal is applied to the input of the 
amplifier. The amplifier will need to have 
a load connected (see above) and the test 
signal frequency should normally be 
1kHz at a level that preserves linearity 
and avoids any risk of over-driving the 
amplifier. Two different tests can be 
applied; one using a sinewave input 
and the other using a square wave. 
The former provides a quick check on 
linearity and distortion, while the latter 
can be used for a quick assessment of 
frequency response. 

Sinewave testing 

A quick inspection of an output 
waveform will usually provide you with a 
clue as to what type of distortion has been 
introduced by an amplifier, but first it is 
necessary to ensure that the input signal 
is free from distortion and this involves 
checking that it is a reasonably püre 
sinewave. Most signal generators (see 
page 43) are able to produce sinewave 
outputs with sufficiently low levels of 
distortion that cannot be discerned by 
the human eye when a waveform is 
viewed on an oscilloscope. As the level 
of distortion increases - typically to about 
5% or more - the distortion starts to 
become visible in the form of a departure 
from a püre sinewave shape. This makes 
it possible to carry out a quick check on 
distortion by simply viewing the shape 
of the output waveform. 

Fig.6.8 shows some representative test 
waveforms. The undistorted sinusoidal 
input signal is shown in Fig.6.8(a). 
This is also the ideal shape for the 
output waveform, which should be 
perfectly sinusoidal if the amplifier is not 
introducing any distortion. The effect of 
clipping is shown in Figs.6.8(b) to 6.8(d). 
In the case of Fig.6.8(b) the positive 
edge of the waveform has been clipped. 
Notice the flattening effect this has on the 
positive excursions ofthe signal. Fig.6.8(c) 
shows a similar effect applied to the 


negative edge ofthe waveform. These two 
conditions usually point to an incorrect 
bias adjustment where an applied signal 
becomes increasingly distorted (and 
clipped) such as whenever the amplitude 
ofthe input signal exceeds acertain value. 

Symmetrical clipping (ie, clipping of 
both positive and negative peaks) is 
illustrated in Fig.6.8(d). This condition 
usually results from applying an input 
signal of excessive amplitude. Reducing 
the amplitude below a critical value 
(ie, below the point at which clipping 
starts to occur) will often correct the 
problem and reduce the distortion to 
an acceptable amount. Fig.6.8(e) shows 
cross-over distortion which can be a 
problem when insufficient standing 
current is available in a complementary 
push-pull output stage. Note how the 
output signal remains at zero until the 
input signal reaches a certain value and 
how this form of distortion affects both 
positive and negative-going half cycles 
of the input waveform. 

Apart from the repetitive waveform 
defects that we’ve seen thus far, a signal 
might also become contaminated by 
random fluctuations in signal level 
(noise) and sudden spikes of interference 
causedby switching and other transients 
induced into wiring (both internal and 
external). This problem is illustrated in 
Fig.6.8(f). 

Last, you might occasionally come 
across a Circuit that, while intended to act 
as an amplifier, also acts as an oscillator! 
The reason for this is that, at some 
frequency (usually very much higher than 
the highest designed signal frequency) the 
internal phase shift becomes such that 
the feedback becomes positive (instead 
of the intended negative feedback), 
consequently de-stabilising the amplifier 
and resulting in continuous oscillation. 
Designers of high-gain amplifiers usually 
try to avoid this problem by using only 
local feedback (ie, feedback över a 
single stage). This effect is illustrated in 
Fig.6.8(g). Note that the amplitude of the 
parasitic oscillation is often significantly 
reduced due to the limitations of the 
frequency response of the oscilloscope 
used to observe the distorted waveform. 

Square wave testing 

An alternative to using a sinewave for 
testing an amplifier is using a square 
wave. This can provide you with a rapid 
assessment of the frequency response of 
an amplifier. Square waves comprise an 
infinite number of sinusoidal harmonic 
components added to the fundamental 
sinewave, and so any defects in the 
frequency response of an amplifier 
will show up very quickly from an 
examination ofthe shape ofthe waveform 
of the output signal when a square wave 
input is applied. As a result, it is possible 
to assess whether the frequency response 
is good or poor (a perfect square wave 
output would correspond to a perfect 
frequency response). 

Fig.6.9 shows waveforms that 
correspond to several different frequency 
response characteristics. A perfect 
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square wave output, 
Fig.6.9(a), indicates 
that the amplifier 
under test has a flat 
frequency response. 
Figs.6.9(b) and 6.9(c) 
are typical of an 
amplifier having a 
good high-frequency 
response coupled 
with a poor low 
frequency response, 
while Figs.6.4(d) and 
6.4 (e) are indicative of 
poor high-frequency 
response and good 
low-frequency 
response. 

The damped 
oscillation, or‘ringing’, 
shown in Fig.6.9(f) 
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(b) Asymmetrical ncm’linear distortion 


(c) Symmetricaİ non-linear distortion 


Fig.6.10. Effect of a non-linear transfer characteristic on the quality of an output waveform 


occurs when the amplifier’s step response 
(ie, its response to a sudden and very 
rapid change in signal level) produces 
momentary oscillation. This can occur in 
amplifiers where appreciable inductive 
reactance is present at the same time as 
capacitivereactance. The combined effect 
of these two opposite reactances results 
in a resonant effect, where the sudden 
changes imposed by the rising or falling 
edges of the square wave signal causes 
energy to oscillate back and forthbetween 
the two opposite reactive components. 
The transfer of energy between the 
two components decays due to losses 
(resistance) present in the Circuit and 
so the oscillation eventually settles to a 
steady value at one or other extreme of 
amplitude. 

Measuring noise and distortion 
There are several different forms of 
distortion and ali of them may, to a 
greater or lesser extent, be present at the 
same time. If an amplifier has a perfectly 
linear transfer characteristic (ie, voltage 
out plotted against voltage in) and a 
perfectly flat frequency response (ie, 
voltage out plotted against frequency) it 
will not produce any distortion (it might, 
however, be susceptible to hum and 
noise, as we explain later). Conversely, 
if the frequency response and/or transfer 
characteristic is imperfect then this will 
result in the production of distortion 
but this may, or may not, be a problem 
depending upon the severity of the non- 
linearity and the degree of aberration 
in the frequency response. Let’s first 
consider the effect of non-linearity in 
the transfer characteristic. 

Distortion due to transfer characteristic 
non-linearity 

Fig. 6.10 (b) sho ws what will happ en when 
the transfer characteristic is asymmetrical. 
In this case, the characteristic flattens- 
off beyond a particular positive-going 
input level. The result is that the output 
signal becomes prematurely truncated 
or ‘clipped’. A similar effect would be 
produced if the negative-going part of 
the transfer characteristic had become 
flattened while the positive-going part 
remained linear. However, in this case the 


negative edge of the output signal would 
be clipped. The resulting harmonics 
produced will include the second, 
fourth and sixth, and so on, as shown in 
Fig.6.10(b). None of these components 
are present in the undistorted püre 
sinewave signal shown in Fig.6.10(a). 

Fig.6.10(c) shows the effect of 
symmetrical non-linearity in the transfer 
characteristic. In this case, both positive 
and negative edges of the output 
waveform have become clipped. The 
resulting harmonics produced will 
include the third, fifth, seventh, and so 
on, as shown in Fig.6.10(c). Notice also 
that the output amplitude has become 
reduced when compared with the 
undistorted output waveform shown in 
Fig.6.10(a). 

Note that an increase in the amplitude 
of a test signal will usually result in 
a significantly greater increase in the 
level of harmonic distortion and the 
amplifier becomes ‘overdriven’. The 
problem will increase in severity with 
a further increase in input signal to the 
point that the distortion produced will 
very quickly reach an unacceptable level. 
Fig.6.11 shows the effect of overdriving 
a power amplifier on the amount of total 
harmonic distortion generated. Note the 
rapid increase in THD when the rated 
output power (8W) is exceeded. 


Distortion due to aberrations in 

frequency response 

As well as distortion resulting 
from non-linearity of its transfer 
characteristic, an amplifier will 
also introduce distortion due to 
imperfections in its frequency 
response. It can be a sobering 
experience to apply a square 
wave to an amplifier and find that 
the output waveform is not very 
square. The reason for this is that 
for a square wave to be perfectly 
reproduced, an amplifier would 
need to have a perfect frequency 
response. This, of course, is never 
actually the case. 


E 

o 


relatively sophisticated test equipment in 
the form of a spectrum analyser or wave 
analyser. When carrying out laboratory 
checks on prototypes we use a wave 
analyser as well as a distortion factor 
meter. The former instrument is capable 
of measuring the level of the individual 
harmonics present in an output signal, 
while the latter provides us with a figüre 
for the circuit’s THD performance in a 
particular bandwidth (we usually restrict 
our own audio measurements to anupper 
limit of 100kHz). 

The distortion factor meter comprises a 
wideband (100kHz) voltmeter combined 
with a variable frequency notch filter 
that can be tuned so that it eliminates 
the fundamental frequency component 
present in the amplifier’s output. In use, 
a reference level is set at 100 % with the 
filter switched out and then the level is 
measured again with the filter selected. 
In this condition, the signal measured is 
residual distortion present and its level 
(in relation to the fundamental) can be 
read from a panel meter in decibels (dB) 
or as a percentage. 

It is important to be aware that, when 
using a distortion factor meter rather 
than a more complex wave analyser, the 
instrument will respond to ali in-band 
signals, including noise, hum and other 
non-harmonically related components. 



Measuring distortion 

The accurate measurement of Fig.6.11. Overdriving a power amplifier results 
distortion involves the use of some in a rapid rise in total harmonic distortion 
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Nevertheless, this type of instrument 
can be very effective when carrying out 
a quick assessment of the performance 
of an amplifier. 

When working at very low levels of 
THD (typically less than 0.1%) the 
ultimate accuracy of the measurement 
becomes dependent on the quality 
of the input signal (which must be 
as near perfect as possible). We use a 
Radford low-distortion oscillator for 
our distortion measurements. This 
instrument is capable of producing 
a sinewave test signal with less than 
0.003% and typically 0.001% THD. 
Note that popular low-cost function 
generators can often produce as much 
as 0.5% THD, and so this type of signal 
source is unsuitable for carrying out 
meaningful THD measurements. 

How the THD is measured is important 
too. Measuring THD typically requires 
sinewaves, but measuring THD with 
a signal having a level just below that 
which would produce clipping can be 
instrumental in hiding other forms of 
distortion, notably cross-over distortion 
which disproportionately affects lower 
signal voltages. In most situations a THD 
measurement done at lOdB below rated 
output power (eg, at 1W RMS for an 
amplifier rated at 10W RMS) would be 
a much better indicator of sound quality. 

Using PC-based software 

An alternative to using stand-alone test 
equipment for audio measurements is 
using one or more Virtual instruments. 
These use PC-based software and 
hardware and can be used for a variety 
of measurements including the analysis 
of distortion and noise. Solutions that 
use external hardware connected via 
a USB port are usually more accurate 
than internal sound cards to achieve the 
required analogue-to-digital conversion. 
Nevertheless, provided that your PC 
has a fast sound card with a low noise 
floor measurements can be made that 
are comparable with stand-alone test 
equipment (and often at much lower 
cost). 

Fig.6.12 shows a Virtual instrument 
display being used to check a sound 
card output and to ensure that the 
THD was sufficiently low to enable 
accurate low-level measurements to 
be carried out. As you can see, a great 
deal of information is available from 
the software. The Virtual oscilloscope 
and signal analyser windows are 
simultaneously displayed. Notice that 
the frequency scale is logarithmic and 
that it extends from 20Hz to 20kHz, 
covering the full audio frequency range. 
Careful examination of the frequency 
spectrum shows the fundamental 
with an amplitude of IV, together 
with odd-order harmonic components 
with descending amplitude. This 
suggests that the distortion arises from 
symmetrical rather than asymmetric 
non-linearity, as discussed earlier. 

Various performance figures are 
reported in windows on the right. The 
first of these is the THD figüre (0.0009%). 



Fig.6.12. Virtual instrument display during tests on a sound card 


This is extremely low. The next figüre 
shows THD plus noise and hum (THD+N) 
and this would be the same figüre that 
a distortion factor meter would report. 
The THD+N figüre is, of course, greater 
than the THD figüre but it is stili very 
acceptable at amere 0.0015%. The third 
window shows the signal-to-noise ratio 
(SNR) and the reported value is a very 
acceptable 98.66dB. 

The next window shows SINAD or 
‘signal in noise advantage’ SINAD is a 
measure of the signal quality that takes 
into account the presence of distortion. 
SINAD is calculated from the ratio of 
total output signal power (ie, signal 
power plus noise power plus the power 
arising from distortion components) 
to the noise-plus-distortion power. 
As might be expected, the SINAD 
performance is only slightly worse 
than the SNR performance, but the 
SINAD figüre is usually a more reliable 
measure of performance, particularly 
when a significant amount of noise and 
distortion is present in a system. 

The last window shows the effective 
number of bits (ENOB), which 
provides an indication of the dynamic 
performance of the system in relation to 
that of an analogue-to-digital converter 


(ADC). Since the number of bits used 
to represent an analogue quantity is 
specified by the resolution of an ADC, 
the number displayed indicates the 
resolution of an ideal ADC that would 
operate with the same resolution as the 
Circuit under consideration. The figüre 
quoted here is just less than 16-bits and 
is indicative of a high-quality audio 
system. 


Signal-to-noise ratio 

The signal-to-noise ratio in a system is 
normally expressed in decibels (dB) and 
is defined as: 


S/N = 101og 10 


İP. , 

signal 


dB 


\ noise / 


In practice, it is difficult to separate the 
signal present in a system from the noise. 
If, for example, you measure the output 
power produced by an amplifier you will 
actually be measuring the signal power 
together with any noise that may be 
present. Hence, a more practical measure 
is the ratio of (signal-plus-noise)-to- 
noise. Furthermore, provided that the 
noise power is very much smaller than 
the signal power, there will not be very 
much difference between the signal-to- 



Fig.6.13. Spectral analysis of a signal with noise and distortion present 
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noise-ratio and the ratio of (signal-plus- 
noise)-to-noise; thus: 


(S+N)/N = 101og 10 


P \ 

signal+noise 


P 


dB 


It might help to put this into context 
with some representative figures. Let’s 
assume that, in the absence of a signal 
the noise power present at the output 
of a (rather noisy) amplifier is 100pW 
and when the signal is applied the 
output power increases to 400mW. The 
(signal-plus-noise)-to-noise ratio can be 
calculated from: 


(S+N)/N = 101og 10 


400mW \ 
100pW j 


= 101og 10 (4000)= 10x3.6 = 36dB 


The (signal-plus-noise)-to-noise ratio 
may also be determined from the voltages 
produced by an amplifier, in which case: 


(S+N)/N = 201og 10 


(V- , • 

sıgnal+noıse 

v . 


dB 


Spectral analysis - measuring signals 
in the presence of noise and distortion 

Spectral analysis of a signal can be 
extremely useful in a wide range of 
practical situations and it can become 
invaluable when dealing with noise 
and distortion. As an example, the 
frequency spectrum of a 1kHz sinewave 
signal is shown in Fig.6.13 where there 
is appreciable levels of noise, hum 
and distortion present. The display 
was obtained using the Virtins Multi- 
Instrument Fast Fourier Transfer (FFT) 
software (see Gearing up). If you take a 
careful look at Fig.6.13 you should be 
able to recognise the following: 

1. The fundamental of the wanted signal 
at 1kHz (with a level of about -40dB) 

2. The second harmonic of the wanted 
signal at 2kHz with a level of 
about -75dB (35dB lower than the 
fundamental) 

3. A component at 100Hz (twice the 
mains supply frequency) with an 
amplitude of about -82dB. This was 
caused by a small amount of ripple 
present on the amplifier’s DC supply 

4. Harmonics of the supply ripple at 
200Hz, 300Hz, 400Hz... 

5. A noise floor of about -97dB with a 
slight increase in noise between about 
2kHz and 20kHz 

6. AreportedTHDof 1.5562% (-36.16dB 
relative to the 1kHz fundamental) 

7. Areported THD plus noise (THD+N) of 
approximately 45% (-6.9dB relative to 
the 1kHz fundamental) - contrast this 
with the THD figüre without noise! 

8. A reported SINAD figüre of 6.9dB 

9. A reported signal-to-noise ratio of 
5.99dB (unacceptably low for most 
applications). 


This example gives you an appreciation 
of just how useful spectral analysis can 
be when signals are contaminated with 
both noise and distortion. 


GearioguDıiiHilelıaDdftG 



For general audio measurements you 
will need, as a minimum, a good quality 
sinewave signal source together with an 
oscilloscope and an AC millivoltmeter 
(both described earlier Teach-In 2018). 
In addition, a dedicated AF power 
meter and a THD analyser would also 
be useful. With the exception of a power 
meter (which will normally incorporate 
a suitably rated load) these instruments 
can also be realised using computer- 
based software and hardware. 

Audio frequency signal generators 

An audio frequency (AF) signal 
generator, ‘audio oscillator’, or ‘RC 
oscillator’, can be a very useful 
investment if you are planning to carry 
out measurements on a regular hasis. 
A typical AF signal generator will be 
capable of providing a good quality 
sinewave output över a frequency range 
of at least 10Hz to 20kHz, and ideally 
higher. The equipment should be fitted 
with a calibrated adjustable attenuator 
so that output levels ranging from at 
least lmV to IV can be applied to the 
equipment on test. 

For a new instrument you can expect 
to pay around £100 but second-hand 
AF signal generators are frequently 
available atbargain prices from as little 
as £20 to £50. Instruments by Farnell, 
Levell, Gould, Advance and Marconi 
are regularly available. You might be 
tempted to invest in a modern direct 
digital synthesis (DDS) waveform 
generator. Such instruments seli new 
for around £80 but, although they might 
appear to have an excellent specification 
in terms of frequency range and 
waveform capability, they invariably 
produce an output signal that just isn’t 
good enough for THD measurement. A 
purpose-designed AF signal generator 
should be capable of producing an 
output with less than 0.01% THD. This is 
vastlybetter than the ‘<0.8%’ offeredby 
low-cost entry-level DDS instruments. 
This same reservation applies to cheaper 
‘function generators’ based on waveform 



Fig.6.14. An audio signal generator 
(left) and millivoltmeter (right) 



Fig.6.15. An RC oscillator with sine 
and square wave outputs in the range 
1Hz to 3MHz, and a THD of less than 
0.05% at 1kHz. Similar instruments 
are regularly available on-line 

generator chips where the THD can be 
greater than 1%. By comparison, the 
author’s Radford LD03 low-distortion 
oscillator achieves a typical THD of 
1,000-times better at a mere 0.001%. 
However, if you are not concerned with 
measuring distortion a general-purpose 
signal or waveform generator will be 
adequate for you needs. 

It’s perhaps also worth mentioning that 
a simple AF signal generator can make an 
excellent project for home construction 
and the complete Circuit of a simple 
Wien bridge audio oscillator is shown 
in Fig.6.16. This particular design uses 
two low-cost operational amplifiers and 
produces variable outputs adjustable 
from less than lmV to IV RMS with 
four switched decade frequency ranges 
extending from 2Hz to 20kHz. 

AF power meters 

As mentioned earlier, a simple method 
for measuring audio power can be based 


Get it right when using an AC voltmeter 

• Always ensure that test signals are free from hum, noise and distortion. This 
is particularly important when carrying out THD measurements. 

• Avoid over-driving amplifiers and filters and always keep input signals within 
the normal range for the equipment on-test 

• When carrying out input/output impedance and gain measurements always 
ensure that the test frequency is set to the centre of the mid-band of an amplifier 
(or to the middle of the pass-band for a fılter) 

• Always check that the correct load impedance is used when carrying out audio 
power measurements and that the load is rated for continuous operation (if 
this isn’t the case you may need to de-rate the load or conduct tests for a short 
time only) 

• If you are using a Virtual instrument based on a PC-based sound card it is 
well worth checking that you are using the full capability of your sound card 
(software settings often default to lower-than-optimum bit rates) 

• Don’t rely on measurements where THD and SINAD indications may be 
towards the end of the instrument’s measuring range (accuracy will invariably 
be impaired as an instrument’s limits are approached). 
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Fig.6.16. Complete Circuit of a simple AF signal generator suitable for home construction 


on nothing more 
than a suitably 
rated load resistor 
and an accurate 
AC voltmeter. 

However, this 
method requires 
calculation and 
can be a little 
tedious when a 
large number of 
measurements are 
required. Instead, 
adedicatedaudio 
wattmeter can 
provide a much 
more convenient 
solution. 

Unfortunately, 
such instruments 
seem to be in 
limited supply, 
but the vintage 
Heathkit AW-1U 
is occasionally 
available from On¬ 
line auction sites 
and can often 
be obtained for 
around£20to£50. 

This instrument 
(see Fig.6.17) can 
read power to 
±ldB över the 
frequency range 
10Hz to 250kHz 
and power levels of up to 50W (25W 
continuous) with internal loads of 3^2, 



Fig.6.17. A Heathkit vintage AW-1U 
audio output power meter 


8£2, 15fl and 600fl Marconi TF893 and 
TF2500 audio output meters are also 
available from time to time and they can 
be an excellent investment. 

Distortion analysers 

Distortion analysers can be expensive 
and, as mentioned earlier, have been 
replaced by powerful PC-based FFT 
software and fast ADC hardware. 
However, instruments fromHP/Agilent, 
Leader, Marconi and Keithley do become 
available from time to time at prices 
ranging from around £50 to över £500. 
The author’s own Marconi TF2331 
distortion analyser is shown in Fig.6.18. 
This instrument functions as both an 
analyser and wideband AC voltmeter 
and it can measure THD down to 0.01%. 
The TF2331’s range switch and meter 
calibration is shown in Fig.6.19. 

Phase meters 

Phase angle can be measured with a 
limited accuracy using a dual-channel 
oscilloscope, but for accuracy and 


convenience a dedicated phase meter is 
invariably abetter choice. It will provide 
a means of measuring the phase angle 



MAOC M İNGLAhO 


Fig.6.19. Range switch and meter 
calibration of the TF2331 distortion 
analyser (Fig.6.18) 
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Fig.6.18. The Marconi TF2331 distortion analyser 


Fig.6.20. Phase meter with analogue display. The scale is 
calibrated from 0° to 180°, and the sign of the phase relation- 
ship (either leading or lagging) is indicated by a panel LED 
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between two waveforms (eg, the input 
and output of an amplifier). It is usually 
displayed on a scale (either analogue 
or digital) with a range extending from 
0° to ±180° or 0° to 360°. Note that 
conventional phase meters can often be 
erratic when small levels of noise and 
distortion are present, and the result is 
often incorrect and unstable indications. 
Modern phase meters overcome this by 
using Discrete Fourier Analysis (DFT) to 
reject any noise and distortion without 
the need for tracking filters. 

Computer-based Virtual Instruments 

In Part 2, we introduced software and 
hardware packages designed primarily 
for use as Virtual oscilloscopes. The 
software supplied with these instruments 
usually has FFT capability and so it can 
also be a valuable tool for distortion 
analysis. So, if you have areasonably fast 
PC with a good quality sound card you 
will be able to use these for a variety of 
audio measurements, not just observing 
waveforms. If you need a wider range of 
features and greater accuracy then it is 
worth considering PC instruments from 
Pico Technology, Virtins, Hantek and 
many others. 







Our handy test signal source will provide 
you with a low-distortion 1kHz sinewave 
signal that will allow you to test a wide 
variety of audio circuits. It can be used 
for sensitivity, voltage gain, and input/ 
output impedance measurements, as well 
as carrying out quick waveform checks 
for distortion. 

The complete Circuit of our Test gear 
project is shown in Fig.6.23. The Circuit 
comprises an oscillator based on a twin-T 
phase-shift network. The frequency 
of oscillation is determined by the 
component values used in the feedback 
network. R2, R3 and C4 form one branch; 
and C2, C3 and R4 (in series with the 
fine frequency adjustment, RVl) form 
the other branch of the twin-T network. 
The gain of the amplifier stage (TRl) is 
made adjustable by means of RV2. The 
output amplitude is made adjustable 
by means of VRl and the output signal 
(approximately 150mV RMS) is made 
available at the two front-panel-mounted 
2mm sockets, SKİ and SK2. With careful 
adjustment the output signal THD 
can be as little as 1%. 


You will need 

Perforated copper stripboard (9 
strips, each with 25 holes) 

AB S case with integral battery 
compartment 
9V PP3 battery clip 
9V PP3 battery 

Miniature DPDT toggle switch (Sl) 
2 2-way miniature terminal 
blocks (STl and ST2) 


aı 

9V 



Fig.6.21. A typical frequency domain display produced by Christian Zeitnitz’s 
software. it works with an internal PC sound card and it also provides you 
with a handy audio signal generator 



Fig.6.22. The Virtins Multi-Instrument signal generator producing a 1kHz 
sineıvave with an amplitude of 450mV. Digital loopback has been enabled so 
that the waveform and frequency spectrum can be concurrently displayed in 
the oscilloscope and spectrum analyser windows 


sia 



1 red 2mm panel-mounting 
socket (SKİ) 


Fig.6.23. Complete Circuit of the handy test signal source 
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1 black 2mm panel-mounting socket 
(SK2) 

1 BC548 transistor (TRl) 

1 5mm red LED (Dİ) 

1 lk£l resistor (Rl) 

2 120k£l resistors (R2 and R3) 

1 4.7kQ resistor (R4) 

1 3.9kQ resistor (R5) 

1 68k£l resistor (R6) 

1 10k£l miniature multi-turn pre-set 
resistor (RVl) 

1 lkCl miniature multi-turn pre-set 
resistor (RV2) 

1 lOkn linear variable potentiometer 
(VRl) 

1 lOOp 16V radial electrolytic (Cl) 

2 2.2nF disc ceramic capacitors (C2 
and C3) 

1 lOnF disc ceramic capacitors (C4) 

1 lOOnF disc ceramic capacitors (C5) 

Assembly is straightforward and should 
follow the component layout shown 
in Fig.6.24. Note that the ‘+’ Symbol 
shown on Dİ indicates the more-positive 
(anode) terminal of the LED. The pin 
connections for the LED and transistor 
are shown in Fig.6.25. The reverse side 
of the board (not an X-ray view) is also 
sho wn in Fig. 6.2 4. N ote that there ’s a total 
of 23 trackbreaks to be made. These can 
be made either with a purpose-designed 
spot-face cutter or using a small drill bit 
of appropriate size. There are also eight 
links that can be made with tinned copper 
wire of a suitable diameter or gauge (eg, 
0.6mm/24SWG). When soldering has 
been completed it is very important 
to carry out a careful visual check of 
the board, as well as an examination 
of the track side of the board, looking 
for solder splashes and unwanted links 
between tracks. The internal and rear 
panel wiring of the test signal source is 
shown in Fig.6.26. 

Setting up 

Setting up is reasonably straightforward, 
but ideally you will need an oscilloscope 
and a digital frequency meter to calibrate 
the source and ensure that the output 
signal is undistorted. It is stili possible 
to set the Circuit up without these test 


instruments. Connect the oscilloscope 
to the output (if you don’t have an 
oscilloscope you can just connect the 
output to an amplifier and use a speaker 
to monitor the signal). Next, set RV2 
to minimum (zero resistance between 
TRl emitter and OV) and switch on. 
The output waveform (along with some 
noticeable distortion) should then be 
displayed on the ‘scope (or heard from 
the loudspeaker). 

Slowly increase RV2 until the 
oscillation stops, then back off the 
adjustment until it just starts again. At 
this point the output waveform will be 
a reasonably püre sinewave with an 
amplitude of about 150mV. Next, switch 
off momentarily and then switch on 
again. Check that oscillation restarts. 
If not, repeat the process but back off 
the setting of RV2 a little further until 
oscillation starts reliably. If you have a 
digital frequency meter available this 
can be connected to the output and 
RVl can be adjusted for an output of 
exactly 1kHz. 

If you only have an oscilloscope 
available you can set RVl to produce 
an output waveform with a period of 
exactly lms. This will be less accurate 
than using a digital frequency meter, 
but you should stili be able to produce 
an output within about 50Hz of the 
nominal 1kHz. If you don’t have either 
an oscilloscope or a digital frequency 
meter it is possible to use a keyboard 
musical instrument to set the output 
frequency since the B5 key (two octaves 
above middle-C) should produce sound 
at approximately 988Hz. By comparing 
the sound from a loudspeaker driven 
by the test signal and an amplifier from 
the keyboard instrument you should 
be able to produce a signal that is very 
close to 1kHz. 

Next month 

Innext month’s Teach-In 2018 we willbe 
looking at radio frequency (RF) tests and 
measurements. We will be introducing 
a selection of RF test instruments and 
measurement techniques and our 
practical project will feature a sensitive 


RF ‘sniffer’ that can be used to check 
for radiated signals över a very wide 
frequency range. 


Fig.6.25. (left) Transistor TRl (BC548) 
and (middle/right) diode Dİ pin 
connections 



Fig. 6.26. internal wiring of the handy 
test signal source 



Fig.6.27. External appearance of the 
test signal source 
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Fig.6.24. (top) Striphoard layout of the handy test signal 
source and (bottom) underside of the striphoard showing 
track breaks 


Fig. 6.28. Using the signal source to test a high-quality audio 
amplifier at itsfull rated output power 
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Burgers with everyth ng 



L AST MONTH, Ibriefly mention- 
ed the original Space Spartans 
speech-enhanced video game 
sold in 1982 for the Mattel Intellivision 
TV console. Anotherwell-loved vintage 
Mattel TV game was Burgertime, and 
remakes of this old classic arcade 
game can be found online - a near- 
perfect Windows version is Magnus 
Christensen’s Burgertimes and a small 
.zip file can be dovmloaded from: http:// 
webpages.charter.net/burgertime/ 
btime/burgertimes.htm 

Surfing around the web on a tablet 
or smartphone, it’s curious, and not a 
little bothersome, to witness how more 
and more websites are becoming self- 
contained ‘apps’ in their own right. 
Instead of offering visitors simple 
intuitive navigation, the onset of smaller 
screens has fuelled demand for compact 
flyout menus skulking underneath a 
non-descript ‘Menü’ button. Bright 
web developers are rolling navigation 
aids into those three-lined (or three- 
dotted) icons, which fly out to offer 
users a navigational sub-menu intended 
to ease your way around. Readers will 
doubtless have seen them in many 
desktop Computer programs (or ‘apps’ 
as Microsoft insists we now cali them), 
and many hat, two-dimensional Metro- 
styled programs are also cursed with 
these stripey navigation buttons. 

In the web design industry the icons 
themselves are termed ‘hamburgers’ 
due to their three-layer appearance. 
Many websites incorporate so-called 
‘responsive web design’, which 
detects the platform that the visitor 
is using (desktop PC, mobile device) 
and launches a version of the website 
optimised for the visitor’s browser. 
Thus, small screens now include 
hamburgers, though desktop browsers 
such as Firefox and Chrome and 
many other programs have their own 
hamburger menü button as well. 

According to writer Kelsey 
Campbell-Dollaghan in an interesting 
piece written for Gizmodo, the original 
hamburger flyout icon was a product 
of Xerox and their Star user interface 
back in 1981. Some interesting 
history is presented at: https://goo.gl/ 
wZAGKR with a fascinating video 
explaining Xerox design trends that 
were extremely advanced for their time 
and are stili with us today. The origin 
of the simple three-lined design of the 
hamburger (on the video at 21:15) is 


put down to the fact that Xerox had 
very few screen pixels to play with and 
wanted to show a clear, simple icon. 
Next time you struggle to navigate with 
(or even find) a hamburger button on 
a fancy new website, you can perhaps 
console yourself with the thought 
that, for ali their cleverness, no-one 
has improved on a simple design idea 
dating back to the early 80s. 

Going Dotty 

The author’s Amazon Echo Dot - a 
December Black Friday purchase - 
continues to behave reasonably well 
and generally intrigues anyone who 
sees it. That said, a hard-to-impress 
cleaning lady sweeping around it with 
a duster, simply asked if it’s one of 
those ‘talking things’. 

Its voice recognition is nothing short 
of remarkable, and Alexa deals with 
ali manner of gruff commands with 
aplomb - most of the time, anyway. 
The author did go through a brief phase 
of cursing dark oaths as the Echo Dot 
woke up when addressed, but then 
returned to snooze mode when asked 
to do something. There followed 
the usual exasperating ceremony of 
checking routers, Wi-Fi, IP addresses, 
rebooting and re-installing before the 
penny finally dropped: I had been 
asking ‘Alexia’ [sic] and the Echo Dot 
would arouse from her slumbers but 
then doze off again, ignoring ali my 
commands. Silly me! 

The Dot also offers simple on/off 
control of a bundled TP Link mains 
socket, although the app has had to be 
re-installed and set up again at least 
önce. A lack of obvious (and surely 
basic) functionality detracts from its 
overall usefulness. Ask Alexa to turn 
off the socket after half an hour and it 
cannot: it just turns it off right away. 
Some timing or countdown commands 
would enhance its feature set. 

As a source of reference knowledge, 
Amazon’s Alexa proves to be somewhat 
hit and miss. It defines ‘soldering’ as 
‘fastening firmly together’ (Google 
Assistant unhelpfully says ‘join with 
solder’) and it took several attempts 
to define ‘welding’ rather vaguely, but 
it did define ‘printed Circuit board’ 
satisfactorily. The Google Chrome 
browser on a PC can handle voice input 
from a webcam microphone and is 
extremely good at handling calculations, 
thanks to its built-in computational 



Origins of the ‘hamburger ’ in the Xero 
Star GUI (graphical user interface) 
(courtesy Gizmodo) 

powers. For example, comparing UK/ 
US gasoline prices, when asked ‘What is 
£1.15 per litre in dollars per US gallon?’ 
out pop s the answer spoken by Google 
Assistant of $5.91 per US Gallon. Alexa, 
however, was thoroughly baffled by 
this conversion question, though it was 
a bit more successful with some other 
searches. There is no denying that 
Google Assistant is a more powerful 
and responsive search tool than Alexa is 
ever likely to be, but then again, Google 
has had a huge head start on search. 

Light my Fire 

An ongoing trade spat between 
Amazon and Google has brought the 
news that Google would now block 
YouTube from appearing directly on 
Amazon’s Echo Show, its new smart 
device with built-in LCD screen that is 
ideal for watching streaming movies or 
video elips. Amazon then removed the 
YouTube app from its Fire TV devices 
as well, leaving owners also unable to 
watch YouTube videos directly on a TV 
screen. Ali is not lost, though, because 
the Firefox web browser is now 
available on Fire TV, allowing users to 
surf the web on their HD TV set and 
access YouTube that way instead. 

As previously predieted in this 
column, there was always the 
likelihood of majör smart speaker 
vendors slugging it out and wanting 
to dominate a user’s home with their 
own proprietary systems. Amazon, 
Google and Apple continue to circle 
the wagons as they try to make sense 
of the emerging market for domestic 
smart speakers, and interesting times 
are ahead. 

That’s ali for this month’s Net Work. 
Write and teli us what you think. 
You can contact the author at: alan@ 
epemag.net or the editör at: editorial@ 
wimborne.co.uk and your letter 
could possibly appear in our Beadout 
column. 
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Four-digit, seven-segment LED display - Fart 4 


T he ali -on-one-pin interface solution we explored last 
month allowed us to add a (calculator) keypad to our 
original display design, which was first used for a 24-hour 
clock. Now we’re ready to program the hardware to turn it 
into a calculator. 

While the additional modifications to the hardware were 
minimal, the software will not be as trivial. As we add 
functionality to the code, it’s good to take a step back and 
consider the current behaviour of the code before changes 
are made. 

The code for the 24-hour clock continually rotates around 
the four digits. In the background there is a 500ms timer 
used to time seconds and minutes. The code then updates 
the display every minute to show the current time. This 
works well for the clock. However, we must ask ourselves 
a question - will it stili work when we change the 
fundamental operation from a clock to a calculator? 

Consider how the calculator should work. Initially, it will 
display a zero, indicating it is awaiting an input. Pressing 
any key will commence the equation. The equations for this 
calculator will be of the type X 0 Y = z, where X is the first 
number to be entered, Y is the second, 0 is the mathematical 
operatör and Z is the answer. (For our simple calculator, 
the 0 can represent addition, subtraction, multiplication or 
division.) So, we need to capture the first number (X), the 
mathematical operatör ( 0 ), the second number (Y) and the 
equals sign (=). Önce these have been captured, we have 
enough data to perform the basic equation. 

The first number (X) in the equation will be complete 
önce an operatör key has been pressed, then we can start 
entering the second number (Y) in the equation. Finally, 
the equals key (=) will be pressed for the answer (z) to be 
displayed on screen. In the 24-hour clock code, the display 
is updated every minute. This is far too long to wait for a 
simple answer, or to update the display with the pressed 
digit. Therefore, we must update the display much quicker. 

Another issue is that we must continually check for a 
button press using the ADC input on RAO. In the original 
24-hour clock code, we manually rotated around the digits, 
any delay in this would cause one digit to shine brighter 
than the other or even worse, cause flicker. 

Svvapping the fundamental behaviour 

The answer lies in swapping the behaviour between the 
24-hour clock code and the calculator. In the 24-hour 
clock, the timer is used to count the seconds. The main 
code then rotates around the digits. The timer uses an 
interrupt service routine (ISR), which is meant to be 
very lightweight. In any ISR, the goal is to minimise the 
interruption to the main code by checking the interrupt 
flag, perform a very quick operation, reset the flag and 
return to the main code. If we added the digit rotation into 
the timer interrupt routine, the seconds would no longer 
be timed correctly and the clock would have been wrong. 
However, with the calculator, clock timing isn’t important, 
while performing prompt calculations and ADC captures 
are. For the calculator, it is better to move our digit rotation 
into the timer ISR. Now the timer can be set to lms for a 
1kHz switching frequency. Every time the ISR is called, 
the digit will swap. This automatic change gives us much 
more freedom to perform calculations and capture and 
display the numbers we enter. 


System Modüle 


0 Easy Setup 


j Registers 


, ! v. Notifications : 0 


▼ INTERNAL OSCILLATOR 


Current System clock 8 M Hz 
Oscillator Select 


System Clock Select 
Intemal Clock 



External Clock 1 M Hz 

□ PLL Enabled □ Software PLL Enabled 

0 Low-voltage programming Enable 


Fig. 1. Changing the irıternal oscillator in MCC 

Moving the digit rotation and display into the ISR adds 
significant delays inside the ISR. With the clock running 
at 500kHz and the ISR being called every lms, the ISR 
ends up taking 0.5ms to operate (this was measured during 
testing using the PICkit3 debugger). If the Timer is set to 
interrupt every lms, then our code only has 0.5ms operation 
time. The problem here is the main code is constantly 
interrupted, making it difficult to behave normally. This 
is a fine example of why ISRs need to be lightweight and 
fast. With this current clock speed, the calculator will not 
work properly and updating the display becomes near 
impossible. Increasing the clock speed to the internal clock 
at 8MHz improves this operating time to 0.2ms (See Fig.l). 
However, this is stili not ideal and very slow for an ISR. 


Entering numbers 

It may seem trivial, but pressing the number keys on the 
keypad and expecting them to appear on the segment display 
correctly is a little tricky. Consider pressing the key ‘7’ first, 
then ‘8’ followed by ‘9’. We would expect the number 789 
to appear on the display. In order to display this, we set up 
a four-digit array in the code and map these to the display’s 
digits. In the array, we have four elements, numbered 0, 1, 2 
and 3, where 0 is the first element in the array. In the four- 
digit seven-segment display, we can map this left-most digit 
to element 0 in the array and so on until element 3, which 
is the right-most digit. In our example, ‘7’ would be entered 
into element 3 first. When we press key ‘8’, the ‘7’ on the 
display must be shifted into element 2 and the ‘8’ will be 
stored in element 3. When key ‘9’ is pressed, ‘7’ and ‘8’ will 
be shifted to the left and ‘9’ will now be stored in element 3. 
In this example, element 0 does not have a number stored 
in it. There are two options here, we could display a zero 
or display nothing (blank LED). Storing a zero in element 
0, will display a zero, so we need to choose another digit to 
represent nothing, which we’ll cover further on. 

We’ve now entered a number onto the display. The 
only problem is this number is split up into an array. We 
actually have 3 numbers, *7’,’8* and ‘9’, but what we want 
for calculations is ‘789’. We need to convert ‘7’,’8’ and ‘9’ 
into a number that our microcontroller can mathematically 
process. A small function will provide this. The function 
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Fig.2. LED display digit shiftirıg 



Fig.3. Calculator from chart 


simply multiplies whatever number (0-9) is in element 0 by 
1000. Element 1 will be multiplied by 100, element 2 will 
be multiplied by 10 and element 4 will be left alone. The 
results are added to give the result of 789. Now we have our 
number to work with. 

Fig.2 shows the display as each digit is entered, shifting 
each previous number to the left. 

Extra digits 

In the 24-hour clock, we only needed the numbers 0-9 to 
be displayed on the display. This is stili the case. However, 
the issue here is that we are using code from the original 
program, which is capturing a key press and then displaying 
it on the display. The normal digits will be mapped but the 
mathematical operatör key presses now need to be added 
for the calculator to be able to work. 

The original code uses a switch statement to swap 
between the various numbers to be displayed. The function 
displayNumber () is used to display the numbers on the 
display. In reality, it is used to convert key presses to exact 
pins connected to the segments to be controlled. To build 
upon that, we need to be able to capture when the multiply, 
divide, subtract, add, equals and clear buttons are pressed. 
We also want to be able to show a blank digit (ie, no LEDs 
lit) as it is easier to read a number on the display with no 
leading zeros. For improved calculator functionality it’s a 
good idea to try and display an error message if a calculation 
goes wrong. This can be done by displayed the letters ‘Err’ 
as a shorthand for error. This will be called when the 
resultant number is larger than the four-digit maximum or 
when there’s a divide-by-zero scenario. 

OxA => Equals 
OxB => CLR 
OxC => Multiply 
OxD => Divide 
OxE => Subtract 
OxF => Add 
0x10 => E 
0x11 => r 
0x12 => Nothing 

The above maps out the new cases to be added to the 
function displayNumber (), where 0xA now represents 
equals. In the code, the case switch will perform some 
operation when this is seen, as with ali the other values. 


The code 

There are significant changes to the code in order to convert 
it to a calculator. We need to move the digit display and 
rotate function into the TimerO ISR. We will also need to 
completely change what’s happening in the main code in 
order to control the behaviour of the project. We will be 
using a State machine (see Fig.3.). Space considerations 
mean it is not feasible to look at every change made to the 
code, but we will look at some of the key features. 
void TMR0_ISR(void) { 

INTCONbits.TMR0IF = 0; 

TMR0 = timerOReloadVal; 

displayDigit(currentdigit , digits[currentdigit]) 

if(currentdigit >= 3) { 

currentdigit = 0; 

} else { 

currentdigit++; 

} 

if(TMR0_InterruptHandler) { 

TMR0_InterruptHandler() ; 

} 

} 

Instead of incrementing the seconds, the TimerO ISR now calls 
the function displayDigit () . The variable currentdigit 
is incremented in the if statement that follows, making sure 
it circulates from 0 to 3 and restarts at 0 again. 

clrDisplay(); 
calcstate = 1; 

Starting off with the main code, we’re going to first use the 
clrDisplay () function to turn off digits 0-2 and place a 
waiting 0 on digit 3. This will be our initial starting point. 
Since we will be using a State machine, we need to start it off 
by setting it to the first position using the calcstate variable. 

while (1) { 

KeypadVal = ADC_GetConversion(0) ; 
disVal = getKeyPress(KeypadVal); 

The while loop starts with an ADC capture using the 
MCC ADC_GetConversion () function. The value is 
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then stored in KeypadVal. The next 
function called is getKeyPress (), 
which takes the value in KeypadVal 
and tries to evaluate which button 
has been pressed. These two function 
calls are outside the main switch, 
meaning they will always be called. 
getKeyPress () will convert any key 
press to a specific value (ali except 
one key, which is the CLR key). 
When the CLR key is pressed, a soft 
reset occurs using the assembly soft 
reset command asm ("reset") ;. A 
software (or soft) reset is one where 
the code jumps to instruction zero. 
(A hard reset, is where the power is 
cycled on and off. A soft reset will 
often start everything from fresh, but 
it may not always work, especially if 
poorly designed code writes över parts 
of memory that it shouldn’t, thereby 
corrupting the memory space.) 

switch(calcstate) { 

case 1: 

if(mathSign > 0) { 

calcstate = 2; 
break; 

} 

if(KeypadVal < maxADC) { 
pushToDisplay(disVal); 

} 

break; 

Starting with Case 1 in the switch 
statement, we want to display the 
numbers captured and converted in 
the previous functions. The value to 
be displayed is stored in the variable 
disVal. First, we check to see if the 
value mathSign has been assigned 
a value. mathSign is initialised as 
zero in the functions. c file. When 
a mathematical operatör key has been 
pressed, mathSign will be assigned a 
value based on the key pressed. At this 
point, the next State will be selected. 
Before that, we check the KeypadVal 
is less than maxADC. This verifies a 
valid number key has been pressed. 
maxADC represents the maximum ADC 
input for a valid key press. Then the 
value is pushed to the display using 
the pushToDisplay () function. This 
function will not be discussed here, it 
simply left shifts any current digits and 
Stores the new value in the right-most 
digit. It will only allow four values, 
maximum. Any numbers pressed after 
that will be ignored. 

case 2: 

getDisplayNumber(); 
clrDisplay(); 

_delay_ms(100); 

calcstate = 3; 
break; 

In Case 2, we want to grab the number 
on the display. This is currently stored 
in a 4-byte array called digits [ ]. The 
getDisplayNumber () function takes 
the separate numbers in the digits [ ] 
array and converts them into a single 
number. For example, 7, 8 and 9 would 
be combined to get 789. The display 


is then cleared using clrDisplay () 

- again, a small wait and the State 
machine moves onto the next State. 

case 3: 

if(disVal == 0xA) { 
calcstate = 4; 
break; 

} 

if(KeypadVal < maxADC) { 

pushToDisplay(disVal); 

} 

break; 

In Case 3, we want to capture the second 
number and display it on the LED 
display. This is similar to Case 1, except 
we’re looking specifically for the equals 
key to be pressed (which is represented 
by OxA as mentioned earlier). 

case 4: 

getDisplayNumber(); 
clrDisplay (); 

mathAnswer = performMath(); 
convertDisplayNum(mathAnswe 
calcstate = 5; 
break; 

Case 4, we want to capture the second 
number on the display. We clear the 
display using the clrDisplay () 
function again. Next up we have a 
function caller perf ormMath () , 
which takes the first number entered, 
the captured math operatör and the 
second number entered and evaluate 
the answer, which is then stored in the 
variable mathAnswer. This number 
must now be converted into a format 
that can be displayed on the LED 
display. convertDisplayNum () is 
the function that converts the number 
into the 4-byte array digits []. To 
finish, we move onto the next State 
using the calcstate variable again. 

case 5: 

// Do nothing here 
break; 

This is an important State in the State 
machine. Here we enter a State, from 
which we will not easily exit. At this 
point, the result will be displayed 
on the LED display. The only way 
to get out of this is to press the CLR 
key, which will reset the PIC and the 
calculator. 

default: 

calcstate = 1; 
break; 

} 

} 

It’s not always necessary to add the 
default case in a switch statement, 
but it is good practice. If for some 
weird reason the variable calcstate 
contains a value other than 1-5, then 
the default case will reset this variable 
back to 1, resetting the process again. 

There’s a few interesting points to 
see in the software. One of the key 
points from above is keeping the ISR 



Fig.4. Fully working calculator showing 
789 as the result 

as lightweight and as fast as possible. 
Although adding more functionality 
to the ISR can be good providing the 
risks and delays are understood. It’s 
also interesting to note the changes 
to the hardware were minimal, while 
the software changes were rather 
extensive. There’s very little code that 
could be re-used. 

Last but not least, the display is 
noticeably brighter. Having the display 
and rotation in the ISR ensures that 
each digit is given equal power-on 
time. 

Next month 

I’m taking a small sabbatical for my 
greatest adventure yet - the birth of 
my newborn twins: Chris and Ethan. 
While I’m away, the original and 
highly esteemed PIC ‘n Mix columnist 
Mike Hibbett will be making a short 
return to fiil in for me. He has some 
exciting projects in store for you. Ali 
I’ll say is that it has something to do 
with TFT’. I look forward to seeing 
him back in action and I will see you 
ali again upon my return. 


Not ali of Mike’s technology 
tinkering and discussions 
make it to print. 

You can follow the rest of it on 
Twitter at @MikePOKeeffe, 

on the EPE Chat Zone or 
EEWeb’s forums as 
‘mikepokeeffe’ 

and from his blog at 
mikepokeeffe.blogspot.com 
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Power supply svvitching 


L AST MONTH, we considered some 
issues related to the provision of 
multiple supply voltages. This is a very 
common requirement in electronic 
systems where different chips and 
subsystems, and often individual 
chips, need different power supply 
voltages. That article was in response 
to some discussion on the provision 
of multiple power supply voltages, 
power supply switching and regülatör 
circuits, started by user Tuurbo46 on 
the EPE Chat Zone. The discussion 
continued (under username Rocket 
Ron) on the ne w EPE forum hosted by 
EEVVeb (www.eeweb.com/forum/tags/ 
epe-magazine). 

One of the specific issues from 
Tuurbo46/Rocket Ron posts 

concerned the possible use of a 
potential divider to obtain a lower 
supply voltage from a higher one. 
We looked at the fundamentals of 
potential dividers and demonstrated 
that potential dividers were very 
inefficient (wasteful of power) used in 
this way if reasonable load regulation 
was required, and are thus generally 
unsuitable for providing power supply 
voltages. The exception might be 
for a sub-circuit with extremely low 
power requirements. We also looked 
briefly at possible configurations of 
two regulators used to provide two 
different supply voltages. 

On the EEVVeb forum the discussion 
moved on to the issue of switching 
power supplies on and off using a 
microcontroller. Rocket Ron wrote: 
T am now going to use three LM317s 
to set separate voltages, 5V, 2.5V and 
1.25V to supply lOOmA. I want to 
switch these three separate voltages 
ON/OFF with three micro 1/0 pins...’. 

Later, he added: ‘...I have decided 
to use a PFET in series with VIN on 
the LM317 (default setting off), and 



Fig. 1. Basic load switch Circuit. 






V in V out 

Load svvitch 

EN GND 

| Load 


ON 

Control signal \~ 
fromMCU _] 

OFF 




Fig.2. Corırıection 
of load switch from 
Fig. 1 in a Circuit 


then an NPN on the gate connected to 
GND. The 1/0 pin is connected to the 
base of the transistor. When voltage 
is required, the 1/0 pin powers the 
base on the transistor. Is this a better 
method of doing it?’. 

Therefore, continuing with the 
power supply theme from last month, 
we will now look at the various 
options for switching power supplies 
on and off as part of system operation. 

The switching of power supplies, 
like the need for multiple supplies, is 
a common requirement in electronic 
systems. Multiple power supplies 
often have to be switched on and off 
in a particular order to ensure correct 
operation, or even prevent damage 
to a system - this is known as power 
supply sequencing. It is also a common 
requirement to be able to power-off 
some subsystems when they are not 
in use to reduce power consumption - 
known as power supply distribution. 

PMOS load switches 

Circuits for power supply switching 
are typically called load switches 
or power switches. You can also 
implement a load switch using 
transistors, as suggested by Rocket 
Ron. A typical basic load switch circuit 
is shown in Fig.l, and is similar to the 
circuit describedby Rocket Ron except 
that both transistors are MOSFETs. 
EN is the enable input, which may be 
connected to a microcontroller output 
(as in Rocket Ron’s application). The 
connection of the load switch in a 
circuit is shown in Fig.2. 

In the circuit in Fig.l, Mİ is a PMOS 
transistor, which acts as the main 
switch. M2 is an NMOS transistor 
used to switch Mİ via the EN input. 
A high input (logic 1 output from a 
microcontroller general purpose 1/0 
pin) is required at EN to switch the 
load on (connect V in to V out ). With 
OV applied (GPIO logic 0) to EN, the 
load will be off (V in disconnected from 
Vout)- 

To consider the circuit in more 
detail recall that a MOSFET transistor 


will switch on when its gate-source 
voltage (V GS ) is greater than its 
threshold voltage (V TH ). A PMOS 
transistor requires a negative V GS to 
turn on (gate negative with respect to 
source) whereas an NMOS transistor 
requires a positive V GS (gate positive 
with respect to source). In the circuit 
in Fig.l, with a high input on EN, M2 
turns on and pulls the gate of Mİ low 
(close to OV) so that, assuming V in is 
larger than the threshold voltage of 
Mİ, Mİ will turn on, connecting V in 
to V out . When EN is at OV, M2 will be 
off (effectively öpen circuit), during 
which time resistor Rl ensures that 
the gate voltage of Mİ is pulled up to 
V in - so that the gate-source voltage of 
Mİ is close to zero and Mİ is off. In 
some situations it may be necessary 
to include a pull-down resistor 
between the gate of M2 and ground to 
make sure M2 is always off when not 
actively driven. 

It may be possible to use a simpler 
switch circuit - just a PMOS transistor 
(as in Fig.3) with its gate connected 
directly to the microcontroller. The 
connection of the load switch is as 
in Fig.2 except that the logic of the 
on and off control on EN input is 
inverted. Although this circuit uses 
fewer components it has a number 
of disadvantages. One problem is 
that the switch will be on with a OV 
output from the microcontroller. 
This means the switch is likely to 



Fig. 3. A single PMOS transistor is 
potentially usable as a load switch, but 
this circuit has some disadvantages. 
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Fig.4. A single NMOS transistor used as 
a load switch. This Circuit can be used 
if the logic high voltage applied to EN is 
sufficiently more positive than V IN . 

be on at system power-up, before the 
microcontroller initialises and the 
code has reached a point where the 
switch can be controlled. Also, putting 
the microcontroller into power-down 
or sleep modes will be likely to turn 
the switch on, which in many cases 
would not be what is required. 

Another issue with using a single 
PMOS transistor relates to the voltages 
that can be switched. For the transistor 
to be off its gate voltage must be greater 
than Vj N - V TH so that V G§ is less than 
V TH . This restricts the maximum 
V lN voltage that can be handled to 
be Vq H + V TH , where Vq H is the logic 
1 (high) output voltage from the 
microcontroller. 

NMOS switches 

A single NMOS transistor can also 
be used as a load switch, as shown 
in Fig.4. The connection and logic 
direction are as in Fig.2, but because 
the NMOS transistor requires a 
positive V GS to switch on, V lN must 
be less than Vq H - V TU . This could be 
feasible in some situations, such as a 
5V microcontroller controlling a 3.3V 
supply, or a 3.3V microcontroller 
switching a 1.8V supply. However, 
there are many situations where a 
single NMOS transistor cannot be 
used. 

In situations where the control 
voltage is not larger than V lN , an 
NMOS transistor can stili be used with 
the help of some additional circuitry 
to produce a higher voltage than V IN , 
which is used to control the gate of 
Mİ - see Fig.5. The higher voltage is 
produced by a Circuit called a charge 
pump, a form of switch-mode DC- 
to-DC converter which only uses 
capacitors, rather than the inductors 
commonly found in full switch-mode 
power supplies. Use of capacitors 
facilitates on-chip implementation, 
although discrete-component charge 
pumps can also be built. 

The basic way in which a charge 
pump works is to charge a capacitor 
to V IN and then use MOSFET switches 
to rearrange the capacitor connections 
so that the negative end is connected 
to Vj N This produces a voltage of 2 V IN 
(across V lN and the capacitor in series), 
which can be used to charge another 
capacitor to 2V IN . The switching 


process is repeated under control of a 
clock signal to keep ‘pumping up’ the 
output capacitor to the higher voltage. 
Diodes are used to ensure the charging 
currents flow as required. Using 
multiple stages, voltages of several 
times V lN can be achieved. 

So far, we have introduced some 
basic load-switching circuits, and 
with the exception of the charge 
pump in Fig.5, these require a very 
small number of components and 
are easily implemented with discrete 
MOSFETs. However, a variety of load 
switch integrated circuits are available 
from a number of manufacturers. 
The availability of ICs indicates a 
commercial driver for their existence, 
in this case it is the common need 
for load switching combined with 
miniaturisation - load switch ICs 
take up less board space than circuits 
built with discrete components. This 
is important if you are trying to fit 
everything in a small package such 
as a mobile phone or mini tablet. 
Miniaturisation is generally of less 
concern to amateur designers, but IC 
load switches often provide additional 
features or performance enhancements 
över the basic two-transistor Circuit, 
so are worth considering. 



Fig.5. NMOS transistor used as a load 
switch with a charge pump supplying the 
reguired gate voltage. 


Characteristics 

There are a number of characteristics 
and issues that may need to be 
considered when selecting a load 
switch IC or designing a load switch 
circuit. Some basic characteristics are 
detailed below. 

Input voltage - the range of voltages, 
which can be switched. The power 
supply voltage being switched must be 
within this range. For discrete designs 
this will relate to the maximum voltage 
ratings of the transistors used. For 
load-switch ICs, the input range will be 
given on the data sheet. Furthermore, 
load-switch ICs may also have another 
connection (sometimes called the bias 
voltage), which is a supply for the 
internal circuits. Again, the datasheet 
will specify the requirements for this 
voltage. 

Maximum continuous current - the 
maximum current the switch can 
handle. The maximum continuous 
current taken from the supply by the 
circuit being switched must be less 


than this. This will specified for a load- 
switch IC. For a discrete MOSFET, the 
maximum continuous drain-source 
current must be suitable. 

On resistance - the resistance of the 
load switch from input to output in 
the on state. This is basically the on 
resistance of the Mİ MOSFET in 
Fig.l, 3, 4 and 5. The on resistance 
has a significant effect on the power 
dissipation of the load switch when 
the load is active - a low on resistance 
is required to keep dissipation down. 
It is worth noting that although Mİ (in 
the circuits shown) is on when V GS is 
just greater than the threshold voltage, 
a sufficiently low on resistance may 
require a significantly larger gate- 
source voltage than V TH . This could be 
an issue in some uses of the circuits in 
Fig.l, 3 and 4, depending on V IN and/ 
or the microcontroller logic voltage. 
The charge-pump circuit in Fig.5 can 
overcome the limitations of the low 
circuit voltages to apply a larger V GS to 
achieve low on resistance. 

Leakage and quiescent currents - the 
load switch will exhibit some leakage 
current from V lN when the power 
supply is on and the load switch is off. 
For IC load switches there will be some 
quiescent current in addition to the 
load current required to power internal 
circuitry, even if no load is connected. 
For the circuit in Fig. 1, when the switch 
is on there will be current flowing 
through Rl (via M2) which will be in 
addition to the load current, reducing 
the efficiency of the circuit. 

There are also a number of circuit 
behaviour/performance issues, which 
may need to be taken into account and 
which may not be obvious to anyone 
who has not used load switches before. 
Of particular importance are: the effect 
of inrush current, the behaviour of the 
load after switch-off, and the need for 
reverse-current protection in some 
applications. 

İnrush current and supply dip 

Directly after a circuit is switched 
on it may briefly take a much higher 
current than during normal operation. 
Typically this is due to capacitance 
across the supply lines changing up 
and is referred to as ‘inrush current’. 
For a simple system, where ali the 
circuitry powers up together this 
may not be a problem - the system 
can be stopped from trying to do 
anything with a power-on reset which 
lasts longer than time taken for the 
supplies to settle. However, when a 
system is already powered up and a 
new subsystem is switched on using 
a load switch, the power supply will 
experience the inrush current and 
may not be able to sustain its output 
voltage due to the sudden heavy 
demand. The supply voltage will dip 
momentarily, which may disrupt the 
operation of other subsystems that 
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Fig.6. Inrush currerıt and supply dip 
waveforms. 


are already powered up. VVaveforms 
illustrating this situation are shown 
in Fig.6. 

To prevent load switches from 
disrupting system power supplies 
they can be designed to limit the rate 
of increase of their output voltage 
(known as the ‘slew rate’). This is a 
typical feature of IC load switches, 
which may allow the slew rate to be 
controlled via an external capacitor or 
resistor. In discrete circuits, the output 
voltage slew rate can be reduced by 
putting a resistor in series with the 
MOSFET gate. Fig.7 shows the Circuit 
from Fig.l modified in this way. 



Fig.7. Load switch from Fig. 1 with slew- 
rate-limiting resistor R2 added. 

A MOSFET gate is a capacitance, and 
the resistor simply increases the time 
it takes to charge up during switch on. 
The effect is to relatively gradually 
reduce the on resistance, which causes 
the load capacitance to charge more 
slowly, reducing the inrush current. 
The resulting waveforms are shown in 
Fig.8. 



Fig. 8. Load switch waveforms with 
slew-rate limiting (compare with Fig.6). 

Rapid output discharge 

There may also be problems when a 
load is switched off. A load switch 
such as the Circuit in Fig.l simply 
disconnects the supply. However, the 
disconnected Circuit may continue to 
be active for a while, powered from 



Fig. 9. Load switch with output discharge. 

the capacitance across its supplies. 
Again, this may occur in a simple all- 
on/all-off system, but will not usually 
have any consequences. However, if 
a subsystem is powered down in this 
uncontrolled way while other parts of 
the system are active, its continued, 
possibly erratic operation may cause 
problems. The solution is to switch 
a resistance across the load switch 
output to rapidly discharge a load 
capacitance and ensure a quick and 
clean shutdovm. 

An example of a rapid output 
discharge switch, applied to the Circuit 
in Fig.l, is shown in Fig.9. The control 
logic switches M3 on when the load 
is switched off. The value of R2 is 
selected to provide rapid reduction in 
the load supply voltage without causing 
excessive current flow. Use of a rapid 
output discharge switch is not possible 
in ali situations, for example where load 
switches are used to select between 
different input supplies (see Fig. 10), 
or when a battery is connected across 
Vq UT . In such cases, the rapid discharge 
Circuit would apply an excessive load to 
the other power source. 


Reverse protection 

In situations where a load switch 
is off, but a voltage is present on 
Vqut _ for example, in the supply 
multiplexer shown in Fig. 10 - there is 
a possibility that a reverse current may 
flow through the off switch if its input 
voltage is less than Vq UT . The reverse 
current can flow through the body 
diode of the switch MOSFET and 
may cause damage to the transistor 
and other parts of the system. There 



Fig. 11. Two MOSFETs forming a switch 
with reverse-current protection. 

are a number of ways in which load 
switches can be protected from reverse 
currents. A diode in the path from V IN 
to Vq UT is a possibility, but this will 
drop voltage and dissipate power, 
which is not ideal. 

Another approach to reverse-current 
protection is to use two MOSFETS in 
the switch, with their sources and 
drains in opposite directions, as shown 
in Fig. 11 (for an NMOS switch). When 
the MOSFET is on it is effectively 
symmetrical in this situation - the 
low on resistance means that the 
voltage drop from source to drain is 
small, so the gate-source and gate- 
drain voltages are more or less equal. 
When the device is off the body diode 
can conduct in one direction; using 
two MOSFETS, as in Fig.11, means 
that the two body diodes in series 
are in opposite directions and cannot 
provide a conducting path. With ali 
else equal, this Circuit will have a 
higher on resistance than one using a 
single transistor, but is likely to have 
lower impact than using a diode in the 
power line. 

Load switch ICs 

As mentioned earlier, there are a large 
number of load switch ICs available. 
Fig. 12 shows the block diagram for 
a pair of devices, the TPS22954/ 


TPS22953 14mQ on-resistance load 
switch from Texas Instruments, chosen 
somewhat randomly to illustrate some 
of the features that these chips offer. 
The two chips provide the option 
of either quick discharge or reverse 
block, as just discussed. These chips 
can handle V IN from 0.7V to 5.7V, and 
currents up to 5A. 

The TPS22954/TPS22953 provides 
output slew-rate control via a capacitor 
connected to the CT pin. The device 
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Fig.l0. Supply multiplexing using loadswitches. 
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Fig.12. Example load switch IC - the Texas Instrument 
TPS22954/TPS22953 (block diagram from device datasheet). 

requires a separate power supply via the BIAS pin, which 
may be connected to V IN if the voltage levels are suitable. 
The control logic is a little more complex than the examples 
discussed above. This sense pin (SNS) can be used to monitor 
a voltage level and provide a ‘power good’ output via the PG 
pin. One possible use for this is in power supply sequencing 
- önce the first supply is fully on this is sensed by its load 
switch and its PG output is used to enable the next supply in 
the sequence. This is far from the full story of applications 
for, and features of, this and other similar ICs - consult their 
datasheets for details. 
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Railing against convention - Part 3 


MX50 single-rail modificatiorı 

It may be desirable to convert a dual-rail 
power amplifier design to single-rail. 
What better than to use the modified 
MX50 design described previously in 
EPE, since this is a Standard Circuit and 
the following basic modifications are 
universally applicable. First, an output 
capacitor will have to be added, the 
ground and negative rail will have to be 
joined together, and half-rail bias will 
have to be applied. The new single-rail 
power supply voltage will have to be the 
total of both the original rails. Instead 
of ±37V, the new single rail will need 
to be +74V. 


Some internal resistors and earthing 
points may have to be changed. Includ- 
ing the output capacitor in the feedback 
loop should enable the original dual-rail 
performance över the normal audio 
bandwidth to be retained. 

A typical value output capacitor for 
an 8Q load would be 4700pF 63V, a 
Standard low-cost electrolytic. Negative 
feedback is taken after the capacitor via 
a 3.3pF film capacitor. This ensures 
minimal distortion and bass loss with 
a -ldB point of 18Hz and a -3dB point 
of 10.6Hz. The power loss at 20Hz is 
only 4W relative to 1kHz, dropping 
from 53W rms to 49W rms into 8Q. The 


bias voltage is set by R28 and R33 and 
this may have to be adjusted (using 
R32) with a ‘scope for symmetrical 
clipping with different power supplies 
and load impedances. A capacitance 
multiplier using a transistor (TR14) and 
capacitor (C8) is necessary to avoid a 
big lOOOpF decoupling capacitor. This 
is because the individual current source 
filter capacitor previously fitted (C5) 
actually added ripple with single-rail 
power because the ground reference 
had changed. A suitable solid polymer 
capacitor for C8 is a Kemet A759 series 
from Mouser. The complete Circuit is 
shown in Fig.10. 



At 20Hz maximum output is only reduced to 49W. An important vvarning is merited here: if the output of any single-rail amplifier is shorted 
to ground before the output capacitor, then the upper output transistor may be destroyed - be careful with those scope probes! 
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Fig.12. Applying output capacitor negative feedback to a single in- 
put transistor amplifier. In this case the Süper Simple Retro design 
(EPE Sept 2016, Fig.23). 


Compared to the dual-rail MX50, the 
sound is identical until clipping occurs 
on electronic percussive bass sounds, 
where a characteristic ‘capacitor-in- 
duced intermodulation mushy effect’ is 
evident. Acoustic and classical music is 
unaffected. Recovery from clipping is 
faster on DC-coupled amplifiers. Also, 
the beneficial effect of feedback around 
the output capacitor is lost when the 
feedback loop is broken at clipping. 

Regulation of the low-power stages 
supply and bias can be done by inserting 
a 56V Zener diode into the capacitance 
multiplier across C8. Using simple po- 
tential divider bias, rock-solid low-fre- 
quency stability is obtained, although 
output power is reduced from 53W to 
46W into 8Q (at 1kHz). I made the Zener 
diode switchable for comparison. On 
listening, I found the reduction in output 
power outweighed the improvement in 
stability. The amp remained cleaner to a 
louder volüme without the Zener diode. 
What looks better on the ‘scope does not 
necessarily sound better. Fig.ll shows 
the prototype single-rail MX50. 

Other amplifiers 

Applying output capacitor negative 
feedback to older amplifiers with a sin- 
gle-transistor input stage (as opposed 
to a long-tailed pair) is more compli- 
cated. A significant current is normally 
required to pass through the feedback 
resistor to power the input transistor. 
This necessitates a low value, typically 
a few k£l, which means little capaci¬ 
tor feedback can be applied. The DC 
feedback resistor can be increased 
up to 1M£1 by employing an extra 
transistor as a current booster, thus 
enabling more AC feedback, as shown 
in Fig.12. The higher impedance also 
means the film coupling capacitor 
value can be minimised. Çare has to 
be taken to reduce the low-frequency 
open-loop gain elsewhere to avoid 
low-frequency response humps and 


consequent ‘bounc- 
ing’ on transients. 

In this case, there 
was a peak of 3dB 
at 8Hz, cancelled 
out with a smaller 
input capacitor. 

MX50 output 
capacitor voltage 
rating 

Even though the 
power supply of the 
single-rail MX50 is 
74V it is possible 
to get away with 
63 or even 50V. 

This penny-pinch- 
ing can’t be taken 
too far however. 

I have seen am¬ 
plifiers where the 
output capacitor 
voltage rating is half 
the supply voltage, 
which is dangerous. 

If the top transis¬ 
tor in a push-pull 
output stage short 
circuits and the bot- 
tom transistor fails öpen, then the full 
rail voltage will be applied to the ca¬ 
pacitor. The fuse will blow eventually, 
but the capacitor may short-circuit, 
explode and cause speaker burn-out. 
In practice, however, it does seem to 
be safe to rate it a bit lower. Hundreds 
of Leak Delta 70 amplifiers used out¬ 
put capacitors rated at 5OV with a 75V 
rail with no failures in the field. Also, 
Roberts radios used 6.3V capacitors 
with 9V supplies. I expect this was 
because the amplifier’s output never 
quite reached full rail voltage. Possibly, 
if it did, it only remained high for brief 
periods, insufficient for the capacitor to 
fully charge up. Pulses would also have 
been easily accommodated by the ca¬ 
pacitors surge rating, which is generally 
20% above the 
rated voltage. 

For the sin¬ 
gle-rail MX50 I 
useda50V (60V 
surge) output 
capacitor with 
an 80V 6800pF 
smoothing 
capacitor. In 
the single-rail 
MX50 Circuit I 
ended up with 
only three wet 
electrolytic ca¬ 
pacitors for a 
stereo amplifier, 
compared to my 
absolute mini¬ 


mum of two for the dual-rail version 
[EPE, Dec 2017). 

Note thattwo 10,000pF 50V capacitors 
on a dual-rail power supply store the 
same energy as a single 10,000pF capac¬ 
itor of 100V rating on a single-rail. Out¬ 
put and smoothing capacitors above the 
Standard 63V rating are required with 
transformers över 44V (40W into 8Q) 
which cost disproportionately more. 

Funny noises 

On single-rail systems the output capac¬ 
itor has to charge up to half-rail at turn 
on. If this is done too quickly, a nasty 
speaker thump results. This can be 
mitigated by slowly raising the bias or 
rail voltage. This also has the advantage 
of slowly turning the amplifier on. The 
value of the bias decoupling capacitor 
C15 in the MX50 has been specially 
chosen to ramp up smoothly. 

A pull-down resistor of around 2.2k Fİ 
is needed after the output capacitor to 
prevent a loud pop when the speaker 
is connected. 

Summary 

A single-rail design with capacitor 
coupling is best for small power amps. 
Above 40W, where clipping is likely 
and for those who love hard punchy 
electronic bass, the problems associated 
with output capacitors become more 
significant. The increased additional 
cost of DC protection circuitry with 
relays becomes proportionately less at 
higher powers. 



Fig.ll. A prototype of the single-rail MX50. Note the blue output capacitor 
and the single smoothing capacitor. Only one fuse is needed, a bonus of 
single-rail design since fuses are unreliable. 
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Keeping track of how far you’ve vvalked! 

PlC-based Intelligent Garden Lights 

An easy-to-build lights controller that knows when it’s time 
to switch off! 


PlC-based Remote Control İR Decoder 

Allovvs PIC programming enthusiasts to remotely control 
their designs! 

PlC-based Monitored Dual PSU 

VVorkshop power supply with multiple options 
and monitoring of voltağe and current using a PIC 
microcontroller plus LCD readout! 

PIC Pocket Battleships 

Become a Sea Lord with our interpretation of the age-old 
pen and paper game! 

PIC Random LED Flasher 

Enjoy the fun of an interesting and attractive pattern display! 

PİCronos LED Wall Clock 

Ancient and modern techniques display timely brilliance on 
a grand scale! 

PIC Virüs Zapper MK.2 

An alternative method that could keep those bugs at bay! 

Time and Date Generator 

Add time and date codes to your CCTV security monitor! 

Water Monitor 

How costly is it to keep your garden vvatered? Find out and 
control it! 



Please send me.(quantity) 

EPE PIC PROJECTS VOL 2 CD-ROM 

Price £14.75 each - includes postage to anyvvhere in 
the world. 


.Post Code. 

□ I enclose cheque/PO./bank draft to the value of 

£ . 

□ please charge my Visa/Mastercard £. 

Card No. 


Card Security Code. 

(The last 3 digits on or just under the signature strip) 

Valid From.Expiry Date ... 


Everyday Practical Electronics, 

VVimborne Publishing Ltd., 

113 Lynwood Drive, Merley, VVimborne, 

Dorset BH21 1UU. 

Tel: 01202 880299. Fax: 01202 843233. 

Emaii: orders@epemag.wimborne.co.uk 

Payments must be by card or in £ Sterling - cheque or 
bank draft drawn on a UK bank. 

Normally posted vvithin seven days of receipt of order. 
Send a copy of this form, or order by letter if you do 
not wish to cut your issue. # 



Order orı-lirıe from 
www.epemag.com 
or by Phone, Fax, Emaii or Post. 


BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE! 

























EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 

ELECTRONICS CD-ROMS 


SUCCESS 

EDUCATKHMAL SÜİTE 


GCSt: ELECTRONİCS 



£12.50 

ine. VAT and P&P 


[MJSCUJÂMJHİ C© 

Suitable for any student who is serious about studying and who vvants to achieve 
the best grade possible. Each program’s clear, patient and structured delivery will 
aid understanding of electronics and assist in developing a confident approach to 
ansvvering GCSE questions. The CD-ROM will be invaluable to anyone studying 
electronics, not just GCSE students. 

* Contains comprehensive teaching material to cover the National Curriculum 
syiiabus * Regular exercises reinforce the teaching points *Retains student 
interest with high guality animation and graphics * Stimulates iearning through interaetive exercises * Provides 
sample examination ques-tions with model Solutions * Authored by praetising teachers *Covers ali UK 
examination board syllabuses * Caters for ali levels of ability * Useful for self-tuition and revision 



SUBJECTS COVERED 

Electric Circuits - Logic Gates - Capacitors & Inductors - Relays - Transistors - Electric Transducers - Operational 
Amplifiers - Radio Circuits - Test Instruments 


Över 100 different seetions under the above headings 


CIRCUIT WIZARD 

Circuit VVizard is a revolutionary softvvare system that combines Circuit design, PCB design, simulation and CAD/CAM 
manufacture in one complete package. Two versions are available, Standard or Professional. 

By integrating the entire design process, Circuit VVizard provides you with ali the tools necessary to produce an electronics project from start to 
finish - even ineluding on-sereen testing of the PCB prior to construction! 

* Circuit diagram design with component library (500 components Standard, 1500 components Professional) * Virtual 'Instruments 
(4 Standard, 7 professional) * On-screen animation * Interactive Circuit diagram simulation * True analogue/digital simulation 

* Simulation of component destruetion * PCB Layout * Interactive PCB layout simulation * Automatic PCB routing * Gerber export 

* Multi-level zoom (25% to 1000%) * Multiple undo and redo * Copy and paste to other software * Multiple document support 

This softvvare can be used with the Jump Start and Teach-lrı 2011 series (and the Teach-ln 4 book). 

Standard £61.25 ine. VAT. Professional £75 plus VAT. 


TINA Design Süite V11 

Anaiogue. Digital, Symbolic, RF, MCU and Mixed-Mode Circuit 
Simulation and PCB Design with TINA 

TINA Design Süite VII is a powerful yet affordable softvvare package for 
analysing, designing and real time testing anaiogue, digital, MCU, and mixed electronic 
circuits and their PCB layouts. You can also analyse RF, communication, optoelectronic 
circuits, test and debug microcontroller applications. 

Enter and analyse any Circuit up to 100 nodes (student), or 200 with the Basic (Hobbyist) 
version vvithin minutes with TINA’s easy-to-use schematic editör. Enhance your schematics 
by adding text and graphics. Choose components from the large library containing more than 
10,000 manufacturer model s. Analyse your Circuit through more than 20 different analysis 
modes or with 10 high tech Virtual instruments. 

Present your results in TIN A’s sophisticated diagram windows, on Virtual instruments, or in 
the live interaetive mode where you can even edit your Circuit during operation. 

Customise presentations using TIN A’s advanced dravving tools to control text, fonts, axes, 
üne width, colour and layout. You can create and print documents directly inside TINA or cut 
and paste your results into your favourite word procesing or DTP package. 

TINA ineludes the follovving Virtual İnstruments: Oscilloscope, Function Generator, 
Multimeter, Signal Analyser/Bode Plotter, Netvvork Analyser, Spectrum Analyser, Logic 
Analyser, Digital Signal Generator, XY Recorder. 

This offer gives you a CD-ROM - the softvvare vvill need registering (FREE) vvith Designsoft 
(TINA), details are given vvithin the package. 

Get TINA Basic V11 (Hobbyist) for £129 or Student VII version for £49 

Prices inciude VAT and UK postage 

+ get a 1 year free subseription for TINACIoud the breakthrough cloud version of TINA which you can run on most 
operating systems and computers, ineluding PCs, Macs, thin clients iPads and other tablets - even on many smart 
phones, smart TVs and e-book readers. 

To order please e it her fiil out and ret um the order form, or cali us on 01202 880299 
Alternatively you can order via oursecure oniine shop at: WWW.epemag.COm 























































PİCmicro TUTORIALS AND PROGRAMMING 

- HARDVVARE - 


PİCmicro Multiprogrammer Board 
and Development Board 

Suitable for use with the three software packages 
Usted below 

This flexible PİCmicro microcontroller programmer board and 
combination board allovvs students and professional engineers 
to learn how to program PİCmicro microcontrollers as well 
as program a range of 8, 18, 28 and 40 pin devices from the 
12, 16 and 18 series PİCmicro ranges. For those who want to 
learn, choose one or ali of the packages below to use with the 
hardvvare. 

• Makes it easier to develop PİCmicro projects 

• Supports low cost Flash-programmable PİCmicro devices 

• Fully featured integrated displays - 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 

• Supports PİCmicro microcontrollers with A/D converters 

• Fully protected expansion bus for project work 

• USB programmable 

• Compatible with the E-blocks range of accessories 



£118 including VAT and postage 


ASSEMBLY FOR PİCmicro 
V6 

(Formerly PİCtutor) 

Assembly for PİCmicro microcontrollers V3.0 
(previously knovvn as PİCtutor) by John Becker 
contains a complete course in programming 
the PIC16F84, 16F88 and 16F877a PİCmicro 
microcontroller from Arizona Microchip. İt starts with 
fundamental concepts and extends up to complex 
programs including vvatchdog timers, interrupts and 
sleep modes. 

The CD makes use of the latest simulation 
techniques vvhich provide a superb tool for learning: 
the Virtual PİCmicro microcontroller, this is a simulation 
tool that allovvs users to vvrite and execute MPASM 
assembler code for the PIC16F84 microcontroller on- 
screen. Using this you can actually see what happens 
inside the PİCmicro MCU as each instruction is 
executed, vvhich enhances understanding. 

• Comprehensive instruction through 45 tutorial 
sections • Includes Vlab, a Virtual PİCmicro 
microcontroller: a fully functioning simulator • 
Tests, exercises and projects covering a wide 
range of PİCmicro MCU applications • Includes 
MPLAB assembler • Visual representation of a 
PİCmicro shovving architecture and functions • 
Expert system for code entry helps first time users 

• Shovvs data flovv and fetch execute cycle and has 
challenges (vvashing machine, lift, crossroads ete.) 

• Imports MPASM fileş. 



- SOFTVVARE - 

‘C’ FOR 16 Series PİCmicro 
Version 5 

The C for PİCmicro microcontrollers CD-ROM is 
designed for students and professionals vvho need 
to learn hovv to program embedded microcontrollers 
in C. The CD-ROM contains a course as vvell as ali 
the softvvare tools needed to create Hex code for a 
vvide range of PİCmicro devices - including a full 
C compiler for a vvide range of PİCmicro devices. 

Although the course focuses on the use of the 
PİCmicro microcontrollers, this CD-ROM vvill 
provide a good grounding in C programming for 
any microcontroller. 

• Complete course in C as vvell as C 
programming for PİCmicro microcontrollers • 
Highly interaetive course • Virtual C PİCmicro 
improves understanding • Includes a C compiler 
for a vvide range of PİCmicro devices • Includes 
full İntegrated Development Environment • 
Includes MPLAB softvvare • Compatible vvith most 
PİCmicro programmers • Includes a compiler for 
ali the PİCmicro devices. 



This softvvare vvill run on VVindovvs XP or 
later operating systems 


FLOVVCODE FOR 
PİCmicro V7 

Flovvcode is a very high level language programming 
system based on flovveharts. Flovvcode allovvs you 
to design and simulate complex systems in a matter 
of minutes. A povverful language that uses maeros 
to facilitate the control of devices like 7-segment 
displays, motor controllers and LCDs. The use 
of maeros allovvs you to control these devices 
vvithout getting bogged down in understanding the 
programming. When used in conjunction vvith the 
development board this provides a seamless solution 
that allovvs you to program chips in minutes. 

• Requires no programming experience 

• Allovvs complex PİCmicro applications to be 
designed quickly 

• Uses international Standard flovv chart symbols 

• Full on-sereen simulation allovvs debugging and 
speeds up the development process. 

• Facilitates learning via a full süite of 
demonstration tutorials 

• Produces code for a vvide range of devices 

• 16-bit arithmetic strings and string manipulation 

• Pulse vvidth modulation 

• I2C. 

Please note: Due to popular demand, Flovvcode is 
novv available as a dovvnload. Please inelude your 
email address and a username (of your choice) on 
your order. A unique dovvnload code vvill then be 
emailed to you. 





PRICES 

Prices for each of the CD-ROMs above are: 

(Order form on next page) 

(UK and EU customers add VAT to ‘plus VAT’ prices) 




Single License.£99 plus VAT 

Site Licence.£499 plus VAT 

Flovvcode.Contact us for pricing 

(choose PIC-8b, PIC-16b, PIC-32b, AVR/Arduino,ARM) 
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ELECTRONICS 
TEACH-IN 2 


ELECTRONICS 
TEACH-IN 3 


ELECTRONICS 
TEACH-IN 4 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 

INTRODUCTION 

This Teach-lrı series of articles was originally published 
in EPE in 2008 and, follovving demand from readers, has 
now been collected together in the Electronics Teach-ln 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a hoşt of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to 
using the C programing language for PIC microcontrollers 
is also included. 

The CD-ROM also contains ali of the softvvare for the 
Teach-ln 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip - the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
VVimborne Publishing Ltd. with the assistance of Microchip 
Technology İne. 


Order code ETI2 CD-ROM 


ELECTRONICS TEACH-IN 3 CD-ROM 

The three seetions of this CD-ROM cover a very wide range of 
subjects that will interest everyone involved in electronics, from 
hobbyists and students to professionals. The first 80-odd pages 
of Teach-ln 3 are dedicated to Circuit Surgery the regular EPE 
clinic dealing with readers’ queries on Circuit design problems 
- from voltage regulation to using SPICE Circuit simulation 
softvvare. 

The second seetion - Practically Speaking - covers the 
practical aspects of electronics construction. Again, a vvhole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
över 40 Circuit designs submitted by the readers of EPE. 

The CD-ROM also contains the complete Electronics 
Teach-ln 1 book, vvhich provides a broad-based introduetion 
to electronics in PDF form, plus interaetive quizzes to test your 
knovvledge, TINA Circuit simulation softvvare (a limited version - 
plus a specially vvritten TINATutorial). 

The Teach-ln 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. 

CD-ROM GEISaiiElEBS) £8.50 


ELECTRONICS 
TEACH-IN BUNDLE - 
FOR PARTS 1,2, 3 & 4 


l 


ORDERING 

ALL PRICES INCLUDE UK 
_ POSTAGE _ 

Standard/Student/Basic (Hobbyist) 

Version price includes postage to most countries 
in the world EU residents outside the UK add £5 for 
airmail postage per order 


Please send me: CD-ROM ORDER FORM 

Version required: 

□ Assembly for PİCmicro V5 □ Single License 

□ ‘C’ for 16 Series PİCmicro V5 □ Site licence 



Note: The softvvare on each version is the same, only the licence for use varies. 


□ PİCmicro Multiprogrammer Board and Development Board (hardvvare) 


□ Circuit Wizard - Standard 

□ Circuit Wizard - Professional 

□ GCSE Electronics 

□ TINA Design Süite VII Basic (Hobbyist) 

□ TINA Design Süite VII (Student) 

Full name:. 

Address:. 

.Post code:.Tel. No: 


□ Teach-ln 2 

□ Teach-ln 3 

□ Teach-ln 4 

□ Teach-ln Bundle 


Signature:. 

□ I enelose cheque/PO in £ sterling payable to VVİMBORNE PUBLİSHİNG LTD for £ 

□ Please charge my Visa/Mastercard: £. 

Valid From:.Card expiry date:. 


Card No: 


Card Security Code. 

(The last 3 digits on or just under the signature strip) 


ELECTRONICS TEACH-IN 4 CD-ROM 

A Broad-Based İntroduetion to Electronics. 

The Teach-ln 4 CD-ROM covers three of the most important 
electronics units that are currently studied in many schools 
and colleges. These inelude, Edexcel BTEC level 2 avvards 
and the electronics units of the new Diploma in Engineering, 
Level 2. 

The CD-ROM also contains the full Modern Electronics 
Manual, vvorth £29.95. The Manual contains över 800 pag¬ 
es of electronics theory, projects, data, assembly instruc- 
tions and web links. 

A package of exceptional value that will appeal to ali those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Order code ETI4 CD-ROM 


ELECTRONICS 
TEACH-IN 6 



ONLY AVAILABLE ON CDROM 

ELECTRONICS TEACH-IN 
6 - 

A COMPREHENSIVE GUİDE 
TO RASPBERRY Pi 
Mike & Richard Tooley 

Teach-ln 6 contains an exciting 
series of articles that provides a complete introduetion to 
the Raspberry Pi, the low cost Computer that has taken 
the education and computing vvorld by storm. 

This latest book in our Teach-ln series will appeal to 
electronic enthusiasts and Computer buffs vvanting to get 
to grips with the Raspberry Pi. 

Anyone considering what to do with their Pi, or maybe 
they have an idea for a project but don’t know how 
to turn it into reality, will find Teach-ln 6 invaluable. İt 
covers: Programming, Hardvvare, Communications, Pi 
Projects, Pi Class, Python Ouickstart, Pi World, Home 
Baking ete. 

The book comes with a FREE cover-mounted DVDROM 
containing ali the necessary softvvare for the series so 
that readers can get started quickly and easily with the 
projects and ideas covered. 



160 Pages 


Order code ETI6 


£8.99 


Single License and Site License Versions 

- overseas readers add £5 to the basic price 
of each order for airmail postage (do not add 
VAT unless you live in an EU (European Union) 
country, then add VAT at 20% or provide your 
official VAT registration number). 

Send your order to: 

Direct Book Service 
VVimborne Publishing Ltd 
113 Lynvvood Drive, Merley, 
VVimborne, Dorset BH21 1UU 

To order by phone ring 

01202 880299. Fax: 01202 843233 

Goods are normally sent vvithin seven days 

E-mail: fay.kearn@wimborne.co.uk 

Online shop: 

www.epemag.com 
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DIRECT BOOK SERVİCE 




PYTHON CODING ON THE BBC MICRO:BIT 
Jim Gatenby 

Python is the leading programming language, easy to learn and vvidely used by profession- 
al programmers. This book uses MicroPython, a version of Python adapted for the BBC 
Micro:bit. 

Among the many topics covered are: The main features of the BBC micro:bit including a 
simulation in a Web brovvser screen; The various levels of programming languages; The Mu 
Editör for vvriting, saving and retrieving programs, with sample programs and practice exer- 
cises; REPL, an interactive program for quickly testing lines of code; Scrolling messages, 
creating and animating images on the micro:bit’s LEDs; Playing and creating music, sounds 
and synthesized speech; Using the on-board accelerometer to detect movement of the 
micro:bit on three axes; A glossary of computing terms. 


ror Beginners of Any Age 

Python 
Coding on 
the BBC 
micmbit 



This book is vvritten using plain English and avoiding technical jargon vvherever possible and 
covers many of the coding instructions and methods vvhich are common to most program¬ 
ming languages. İt should be helpful to beginners of any age, vvhether planning a career in 
computing or vvriting code as an enjoyable hobby. 


The books listed have been 
selected by Everyday Practical 
Electronics editorial staff as 
being of special interest to 
everyone involved in electronics 
and computing. They are 
supplied by mail order direct to 
your door. Full ordering details 
are given on the last page. 


FOR A FULL 

DESCRIPTION OF THESE 
BOOKS AND 

CD-ROMS SEE THE SHOP 
ON OUR VVEBSITE 

www.epemag.com 


Ali prices include 
UK postage 


MICROPROCESSORS 


INTERFACING PIC MICROCONTROLLERS - 
SECOND EDITION Martin Bates 


118 Pages 


Order code PYTH MBIT 


£7.99 



GETTING STARTED WITH THE BBC MICROıBIT 
Mike Tooley 

Not just an educational resource for teaching youngsters coding, the BBC micro:bit is a tiny low 
cost, low-profile ARM-based single-board Computer. The board measures 43mm x 52mm but de- 
spite its diminutive footprint it has ali the features of a fully fledged microcontroller together with a 
simple LED matrix display, two buttons, an accelerometer and a magnetometer. 

Mike Tooley’s book will shovv you how the micro:bit can be used in a wide range of applications 
from simple domestic gadgets to more complex control systems such as those used for lighting, 
Central heating and security applications. Using Microsoft Code Blocks, the book provides a Pro¬ 
gressive introduction to coding as well as interfacing with sensors and transducers. 

Each chapter concludes with a simple practical project that puts into practice what the reader has 
learned. The featured projects include an electronic direction finder, frost alarm, reaction tester, 
battery checker, thermostatic controller and a passive infrared (PIR) security alarm. 


THEORY AND 
REFERENCE 


No previous coding experience is assumed, making this 
book ideal for complete beginners as well as those with 
some previous knovvledge. Self-test questions are provided 
at the end of each chapter, together vvith ansvvers at the end 
of the book. So vvhatever your starting point, this book will 
take you further along the road to developing and coding 
your ovvn real-world applications. 


108 Pages 


Order code BBC MBIT 


£7.99 


298 pages 


Order code NE48 


PROGRAMMİNG 16-BIT PIC MICROCONTROLLERS 
İN C 

- LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA) 


496pages +CD-ROM 


Order code NE45 


£38.00 


İNTRODUCTİON TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 


222pages 


Order code NE31 B 


THE PIC MİCROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE - 

THIRD EDITION. John Morton 


270 pages 


Order code NE36 4 


PIC İN PRACTİCE (2nd Edition) 


David W. Smith 

308 pages 


Order code NE39 


MİCROCONTROLLER COOKBOOK 
Mike James 


240 pages 


Order code NE26 


£24.99 


£36.99 


PRACTİCAL ELECTRONICS HANDBOOK - 
6th Edition. lan Sinclair 


440 pages 


Order code NE21 


£33.99 


STARTİNG ELECTRONICS - 4th Edition 
Keith Brindley 


296 pages 


Order code NE100 


£18.99 


ELECTRONIC CIRCUITS - FUNDAMENTALS & 
APPLICATIONS - Third Edition Mike Tooley 


400 pages 


Order code TF43 


FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES - Third Edition C.R. Robertson 


368 pages 


Order code TF47 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 
R.A. Penfold 


142 pages 

UNDERSTANDING 
SYSTEMS 
Owen Bishop 

228 pages 


OUTOF PRINT BP332 


ELECTRONIC CONTROL 


Order code NE35 ■ 


BOOK ORDERİNG DETAİLS 


Ali prices include UK postage. For postage to Europe (air) and the rest of the vvorld (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the vvorld 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anyvvhere in the vvorld. Send a 
PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or card 
details, Visa or MasterCard to: DİRECT BOOK SERVİCE, VVIMBORNE PUBLISHING LIMITED, 

113 LYNW00D DRIVE, MERLEY, VVIMBORNE, DORSET BH21 1UU. 

Books are normally sent vvithin seven days of receipt of order, but please allovv 28 days for delivery - more for overseas orders. 
Please checkprice and availability (see latestissue of Eve ryday Practical Electronics,! before ordering from oldlists. 

For a full description of these books please see the shop on our vvebsite. 

Tel 01202 880299 Fax 01202 843233. E-mail: fay.kearn@wimborne.co.uk 

Order from our online shop at: www.epemag.com 
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COMPUTING AND ROBOTICS 



COMPUTING FOR THE OLDER GENERATION 
Jim Gatenby 





ARDUINO FOR DUMMIES 

John Nussey 


295 pages 


Order code NE38 


£41.00 


HOW TO BUILD A COMPUTER MADE EASY 
R.A. Penfold 


120 pages 


Order code BP707 


EASY PC CASE MODDING 
R.A. Penfold 


192 pages + CDROM | 


Order code BP542 


£8.49 


£8.99 


FREE DOVVNLOADS TO PEP-UP AND PROTECT YOUR 
PC 

R.A. Penfold 


128 pages 


Order code BP722 


£7.99 


WINDOWS XP EXPLAINED 
N. Kantaris and P.R.M. Oliver 


264 pages 


Order code BP514 


£7.99 


THE INTERNET - TWEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages 


Order code BP721 


£7.99 


Arduino is no ordinary Circuit board. VVhether you’re an artist, 
a designer, a programmer, or a hobbyist, Arduino lets you 
learn about and play with electronics. You’ll discover how to 
build a variety of circuits that can sense or control real-world 
objects, prototype your own product, and even create Inter¬ 
active artvvork. This handy guide is exactly what you need to 
build your own Arduino project - what you make is up to you! 

• Learn by doing - start building circuits and programming 
your Arduino with a few easy examples - right away! 

• Easy does it - work through Arduino sketches line by line, 
and learn how they work and how to write your own. 

• Solder on! -don’t know a soldering iron from a curling iron? 
No problem! You’ll learn the basics and be prototyping in 
no time. 

• Kitted out - discover new and interesting hardvvare to turn 
your Arduino into anything from a mobile phone to a Geiger 
counter. 


eBAY - TVVEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages 


Order code BP716 


£7.50 


AN INTRODUCTION TO eBAY FOR THE OLDER 
GENERATION 


Cherry Nixon 

120 pages 


Order code BP709 fil \ 


HOW TO FIX YOUR PC PROBLEMS 
R.A. Penfold 


128 pages 


Order code BP705 


£8.49 


AN INTRODUCTION TO WINDOWS VISTA 
P.R.M. Oliver and N. Kantarris 


308 pages 


Order code BP601 


ANDROIDS, ROBOTS AND ANIMATRONS 
Second Edition - John lovine 


224 pages 


Order code MGH1 


ROBOT BUILDERS COOKBOOK 
Owen Bishop 


366 pages 


Order code NE46 


INTRODUCING ROBOTICS WITH LEGO 

MINDSTORMS 

Robert Penfold 


288 pages + 


Order code BP901 


£8.99 


£16.99 


£26.00 


£14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


298 pages 


Order code BP902 


HOW TO FIX YOUR PC PROBLEMS 
R. A. Penfold 


128 pages 


Order code BP705 


WINDOWS 7 - TVVEAKS, TIPS AND TRICKS 
Andrevv Edney 


120 pages 


Order code BP708 


GETTING STARTED İN COMPUTING FOR 
THE OLDER GENERATION 
Jim Gatenby 


120 pages 


Order code BP704 


WINDOWS 8.1 EXPLAINED 
Noel Kantaris 


180 Pages 


Order code BP747 


£8.49 


£8.49 


COMPUTING WITH A LAPTOP FOR THE OLDER 

GENERATION 

R.A. Penfold 


120 pages 


Order code BP702 


• Become an Arduino savant - find out about functions, ar- 
rays, libraries, shields and other tools that let you take your 
Arduino project to the next level 

• Get social - teach your Arduino to communicate with soft- 
ware running on a Computer to link the physical vvorld with 
the Virtual vvorld 


438 Pages 


Order code ARDDUM01 


£19.99 



120 pages 

VVINDOVVS 8.1 EXPLAINED 


Order code BP703 


£8.49 



VALVE AMPLIFIERS - 4th Edition 
Morgan Jones 


288 pages 


Order code NE33 


£46.99 


BUİLDİNG VALVE AMPLIFIERS 
Morgan Jones 


368 pages 


Order code NE40 


AN INTRODUCTION TO EXCEL SPREADSHEETS 
Jim Gatenby 


18 pages 


RASPBERRY Pl 


£8.49 


AN INTRODUCTION TO THE NEXUS 7 

118 Pages £8.99 

KINDLE FİRE HDX EXPLAINED 

118 Pages £8.99 



EXPLORING ARDUİNO 
Jeremy Blum 

Arduino can take you anyvvhere. This book is the roadm- 
ap. 

Exploring Arduino shovvs hovv to use the vvorld’s most 
popular microcontroller to create cool, practical, artistic 
and educational projects. Through lessons in electrical 
engineering, programming and human-computer interac- 
tion this book walks you through specific, increasingly 
complex projects, ali the vvhile providing best practices 
that you can apply to your own projects önce you’ve 
mastered these. You’ll acquire valuable skills - and have 
a vvhole lot of fun. 

• Explore the features of several commonly used Arduino 
boards * Use the Arduino to control very simple tasks or 
complex electronics • Learn principles of system design, 
programming and electrical engineering • Discover code 
snippet, best practices and system schematics you can ap¬ 
ply to your original projects • Master skills you can use for 
engineering endeavours in other fields and with different 
platforms 


357 Pages 


Order code EXPARD01 


£26.99 



Raspberry Pi 


RASPBERRY Pi FOR DUMMIES 

Sean McManus and Mike Cook 

Write games, compose and play music, even explore electronics - it’s easy as Pi! 
The Raspberry Pi offers a plateful of opportunities, and this great resource guides 
you step-by-step, from dovvnloading, copying, and installing the softvvare to learn- 
ing about Linux and finding cool nevv programs for work, photo editing, and music. 
You’ll discover hovv to vvrite your ovvn Raspberry Pi programs, create fun games, and 
much more! Öpen this book and find: What you can do with Python; Ways to use the 
Raspberry Pi as a productivity tool; Hovv to surf the web and manage fileş; Secrets 
of Sonic Pi music programming; A guide to creating animations and arcade games; 
Fun electronic games you can build; Hovv to build a 3D maze in Minecraft; Hovv to 
play music and videos on your Raspberry Pi. 


400 Pages 


Order code RPİDUM01 


£17.99 


RASPBERRY Pi MANUAL: A practical guide to the 
revolutionary small Computer 


176 pages 

RASPBERRY Pİ USER-GUIDE 

262pages 


Order code H001 


Order code JW001 


£17.99 


£20.90 


PROGRAMMİNG THE RASPBERRY Pi 

192 pages 


Order code MGH4 


GETTING STARTED WITH RASPBERRY Pi 


164 pages 


Order code OR01 


£10.99 


£11.50 
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TEACH-IN BOOKS 



ELECTRONICS 
TEACH-IN 5 


ELECTRONICS 
TEACH-IN 6 


ELECTRONICS 
TEACH-IN 7 



ELECTRONICS TEACH-IN 5 

Jump Start - 15 design and 
build Circuit projects dedicated 
to nevvcomers or those follovving 
courses in school and colleges. 

The projects are: Moisture Detector, Quiz Machine, Battery 
Voltage Checker, Solar-Povvered Charger, Versatile Theft 
Alarm, Spooky Circuits, Frost Alarm, Mini Christmas Lights, 
iPod Speaker, Logic Probe, DC Motor Controller, Egg Timer, 
Signal Injector Probe, Simple Radio Receiver, Temperature 
Alarm. 

PLUS: 

PIC’ N MIX - starting out with PIC Microcontrollers and PRAC- 
TICALLY SPEAKING - the techniques of project construction. 
FREE CD-ROM - The free CD-ROM is the complete 
Teach-ln 2 book providing a practical introduction to PIC 
Microprocessors plus MikroElektronika, Microchip and 
L-Tek PoScope softvvare. 



160 Pag es 


Order code ETI5 


£8.99 


ONLY AVAILABLE ON CDROM 


ELECTRONICS TEACH-IN 
6 - 

A COMPREHENSIVE GUIDE 
TO RASPBERRY Pi 
Mike & Richard Tooley 

Teach-ln 6 contains an exciting 
series of articles that provides a complete introduction to 
the Raspberry Pi, the low cost Computer that has taken 
the education and computing vvorld by storm. 



This latest book in our Teach-ln series will appeal to 
electronic enthusiasts and Computer buffs vvanting to get 
to grips with the Raspberry Pi. 


Anyone considering what to do with their Pi, or maybe 
they have an idea for a project but don’t know how 
to turn it into reality, will find Teach-ln 6 invaluable. İt 
covers: Programming, Hardvvare, Communications, Pi 
Projects, Pi Class, Python Ouickstart, Pi VVorld, Home 
Baking ete. 


The book comes with a FREE cover-mounted DVDROM 
containing ali the necessary softvvare for the series so 
that readers can get started quickly and easily with the 
projects and ideas covered. 


160 Pag es 


Order code ETI6 


£8.99 


ELECTRONICS TEACH-IN 7 - 
DISCRETE LINEAR CIRCUIT 
DESİGN 

Mike & Richard Tooley 

Teach-ln 7 is a complete 
introduction to the design of analogue electronic circuits. 
İdeal for everyone interested in electronics as a hobby 
and for those studying technology at schools and colleges. 
Supplied with a free Cover-Mounted CDROM containing 
ali the Circuit softvvare for the course, plus demo CAD 
softvvare for use with the Teach-ln series’ Words for the 
cover; Discrete Linear Circuit Design* Understand linear 
Circuit design* Learn with ‘TINA’ - modern CAD softvvare* 
Design simple, but elegant circuits* Five projects to build: 
Pre-amp, Headphone Amp, Tone Control, VU-meter, High 
Performance Audio Povver Amp PLUSAudio Out - an 
analogue expert’s take on specialist circuitsPractically 
Speaking - the teehnigues of project building 



160 Pag es 


Order code ETI7 


£8.99 


CHECK OUT OUR WEBSITE FOR MORE BOOKS 
WWW.EPEMAG.COM 


BOOK ORDER FORM 

Full name:. 

Address:. 


.Post code:.Telephone No:. 

Signature:. 

□ I enelose cheque/PO payable to DIRECT BOOK SERVİCE for £. 

□ Please charge my card £.Card expiry date. 

Card Number. 

Valid From Date . Card Security Code . (The last three digits on orjustbelovv the signature strip) 

Please send book order codes:. 

Please continue on separate sheet of paper if necessary 



86 Pages 


Order code AW1 


| £9.99 


THE BASIC SOLDERING GUIDE 
HANDBOOK 

LEARN TO SOLDER SUCCESSFULLY! 
ALAN WINSTANLEY 

The No.1 resource to learn ali the basic aspects 
of electronics soldering by hand. 

With more than 80 high quality colour photo- 
graphs, this book explains the correct choice 
of soldering irons, solder, fluxes and tools. The 
techniques of how to solder and desolder elec¬ 
tronic components are then explained in a clear, 
friendly and non-teehnieal fashion so you’ll be 
soldering successfully in next to no time! The 
book also ineludes seetions on Reflovv Soldering 
and Desoldering Techniques, Potential Hazards 
and Useful Resources. Plus a Troubleshooting 
Guide. 

Also ideal for those approaching electronics 
from other industries, the Basic Soldering Guide 
Handbook is the best resource of its type, and 
thanks to its excellent colour photography and 
crystal clear text, the art of soldering can now be 
learned by everyone! 
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Blooks 



Hibh-current flasher 


Large complex projects are fun, but 
they take time and can be expensive. 
Sometimes you just want a quick 
result at low cost. That’s where this 
series of Electronic Building Blocks 
fits in. We use ‘cheap as chips’ com- 
ponents bought online to get you 
where you want to be... FAST! They 
represent the best value we can find 
in today’s electronics marketplace! 

Flashers are useful in lots of sit- 
uations. You might like to flash a 
warning light or pulse a beeper when 
something goes wrong. In this situa- 
tion, a simple Circuit will do the trick 
- but what if you want to flash higher 
current loads? Then you’ll need to 
add a suitable switching device - and 
probably a heat sink as well. And what 
if you want a flash pattern that’s more 
complex than just on/off/on/off? In 
that case, you’ll need to add some 
kind of microcontroller. 


Or instead, you can just buy the 
multi-mode flasher modüle that’s 
shown here. 

At under £5 (including delivery), it’s 
cheap enough to replace low-current 
applications... but with the ability to 
drive loads of LEDs and incandescent 
bulbs drawing up to 7 A, and with no 
less than 16 different flashing modes 
available at the touch of a switch, it’s 
in a league of its own in terms of bang 
for your buck. 

While marketed as a device to flash 
your brake lights, the ‘12V-24V LED 
Brake Stop Light Lamp Flasher Mod¬ 
üle Flash Strobe Controller 16 Mode’ 
modüle (eBay no. 282704940728) is 
much more than ‘just’ a car brake lights 
flasher. 

Packaging and connections 

The flasher comes packaged in a 58 x 
35 x 16mmbox-very compactindeed. 
At each end of the box are two wires 
- red and white. 
These are the in- 
put and output 
leads (redforpos- 
itive). Marked on 
the box is an ‘O’ 
and arrow - this 
stands for ‘out¬ 
put’. (Ifyourbox 
is not marked, the 
output end is that 
furthest from the 
DİP switch and 
closest to the out¬ 
put transistor.) 
VVithin the box 
(and accessed by 
lifting the lid) 
is a 4-position 
DİP switch. This 
switch is used to 
select which one 


of the 16 different flashing modes 
you want. 

Flashing modes 1-8 

Let’s start with the most common use 
first. You want to flash a high-current 
LED as a warning. Connect the LED 
(complete with appropriate dropping 
resistor, and observing the correct po- 
larity) across the output leads. Set ali 
the DİP switches to ‘0’ (ali the switches 
set closest to the output end) and then 
connect power (7 to 30V DC). The LED 
will flash at 18Hz (I measured 17Hz, 
but that’s close enough). Set switch 1 to 
position 1, and the flash rate changes to 
12.5Hz (I measured 11.8Hz). Note that 
you must disconnect power and then 
re-apply it for the change in switch 
position to take effect. 

Flash rates from the aforesaid 18Hz 
down to 1Hz are available, ali with a 
50% duty cycle. These settings com- 
prise Modes 1 to 8. 

Flashing modes 9-12 

The next range of modes (Mode 9 to 
12) are lower-current-consumption 
modes. Mode 9 turns on the output 
for 50ms önce per second (a 5% duty 
cycle), while Mode 10 flashes three 
50ms pulses then stops for a second, 
before restarting the cycle. Mode 11 
outputs three 50ms pulses, but this 
time stops for two seconds. Mode 12 
flashes ten 50ms pulses then stops for 
two seconds. 

Flashing modes 13-16 

Modes 13 to 16 cause gradual changes 
in the LED output. The rate of bright- 
ening and darkening varies with the 
different modes - for example, Mode 
13 varies brightness one up/down cy¬ 
cle every three seconds, while Mode 
16 does four cycles över 11 seconds. 
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Table 1: High-current flasing modes (This table shows the 16 different flasher 
modes that can be selected by setting the on-board DİP switch.) 


Mode 

sı 

S2 

S3 

S4 

Output 

1 

0 

0 

0 

0 

18Hz flash 

2 

1 

0 

0 

0 

12.5Hz flash 

3 

0 

1 

0 

0 

9.5Hz flash 

4 

1 

1 

0 

0 

6.5Hz flash 

5 

0 

0 

1 

0 

4.5Hz flash 

6 

1 

0 

1 

0 

3Hz flash 

7 

0 

1 

1 

0 

2Hz flash 

8 

1 

1 

1 

0 

1 Hz flash 

9 

0 

0 

0 

1 

Cycling single 50ms flash, stopped Is 

10 

1 

0 

0 

1 

Cycling three 50ms flashes, stopped Is 

11 

0 

1 

0 

1 

Cycling three 50ms flashes, stopped 2s 

12 

1 

1 

0 

1 

Cycling ten 50ms flashes, stopped 2s 

13 

0 

0 

1 

1 

One up/down brightness cycle every 3s 

14 

1 

0 

1 

1 

Two up/down brightness cycles every 5s 

15 

0 

1 

1 

1 

Three up/down brightness cycle every 7s 

16 

1 

1 

1 

1 

Four up/down brightness cycle every 11s 


Incidentally, this variation in brightness is achieved via 
pulse width modulation (PWM) at a frequency of 235Hz. 

The beauty of this ‘multi-mode’ approach is that the flasher 
function can be very much tailored for the situation. For 


example, if current draw isn’t an issue and 
you want to attract attention, then flash a 
high-power LED at 6.5Hz. But if you want 
minimal current draw, select a single 50ms 
flash every second. The ‘output off’ current 
draw of the modüle is only 7 mA, so overall 
power consumption will be quite low. 

Use with incandescent lamps 

But what if you want to flash incandes¬ 
cent lamps? The rapid available flashing 
rates (like 9.5Hz) and short pulses (50ms) 
won’t work with incandescent lamps - 
the thermal inertia of the filaments means 
that they just won’t respond fast enough. 
In that situation, the 1Hz, 50% duty cy- 
cle mode (Mode 8) can be used, and the 
‘varying brightness’ modes (Modes 13 to 
16) are very effective. 

And what about current handling? The 
modüle is rated at 6A on incandescent 
loads and 7 A on LED loads. And how well 
does the current handling stack up? Very 
well, in fact. It’s most likely that you’ll be 
running high current loads when using in¬ 
candescent lamps, with the most ‘current 
hungry’ mode being the cycling modes of 
13 to 16.1 ran the modüle at 8A in Mode 
16 with incandescent loading, and ali was 
fine. On LED loads, 7A is an awful lot of 
lighting -1 ran an automotive LED light bar (7.5A) and again 
the modüle coped fine. 

Compact, versatile, cheap and it does just what is says it 
will do - a must-have for the parts drawers! 


ESR Electronic Components Ltd^fe 






3D Printing • Cable • CCTV • Connectors • Components • 
Enclosures • Fans • Fuses • Hardvvare • Lamps • LED's • 
Leads • Loudspeakers • Panel Meters • PCB Production • 
Povver Supplies • Relays • Resistors • Semiconductors • 
Soldering Irons • Switches • Test Equipment • Transformers 
and so much more... 


Tel: 0191 2514363 sales@esr.co.uk www.esr.co.uk 


Monday to Friday 08:30 - 17.00, Saturday 08:30 - 15:30 


O0 

arduino 

($) cebek" 

o ag 

microrbit W 

\ielleman 


Station Road 
Cullercoats 
North Shields 
Tyne & Wear 
NE30 4PQ 




JTAG Connector Plugs Directly into PCB!! 





No Header! No Brainer! 


Our patented range of Plug-of-Nails™ spring-pin cables plug directly 
into a tiny footprint of pads and locating holes in your PCB, eliminating 
the need for a mating header. Save Cost & Space on Every PCB!! 
Solutions for: PIC . dsPIC . ARM . MSP430 . Atmel . Generic JTAG . Altera 
Xilinx . BDM . C2000 . SPY-BI-WIRE . SPI / IIC . Altium Mini-HDMI. & More 

www.PlugOfNails.com 

Tag-Connector footprints as small as 0.02 sq. inch (0.13 sq cm) 
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PCB SERVİCE 



Basic printed Circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, and 
are drilled and roller tinned, but ali holes are a Standard size. They are not silk- 
screened, nor do they have solder resist. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to both 
sides. NOTE: PCBs from the July 2013 issue with eight digit codes have silk 
screen overlays and, vvhere applicable, are double-sided, plated through-hole, 
with solder masks, they are similar to the photos in the relevent project articles. 

Ali prices include VAT and postage and packing. Add £2 per board 
for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynvvood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and made 
payable to Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 


PROJECT TIIIE 


ORDER CODE COST 


JÖNE'16 

Infrasound Snooper 

Audio Signal Injector and Tracer 

- Shield Board 

- Demodulator Board 

04104151 

04106151 

04106153 

04106152 

£7.50 

£9.64 

£7.48 

£5.36 

Champion Preamp 

01109121/22 

£8.29 

JOLY'16 

Driveway Monitor - Detector Unit 

- Receiver Unit 

USB Charging Points 

15105151 

15105152 

18107151 

£11.80 

£7.50 

£5.00 

AOG’IO 

Low-cost Resistance Reference 

USB Power Monitor 

04108151 

04109121 

£5.36 

£12.00 

SEPT’16 

LED Party Strobe 

Speedo Corrector 

16101141 

05109131 

£9.80 

£12.00 

OCT’16 

Arduino-Based USB Electrocardiogram 

100W Switchmode/Linear Bench Supply - Part 2 

07108151 

18104141 

£9.79 

£20.83 

nov’io 

Fingerprint Access Controller- Main Board 
- Switch Board 

031091511 

03109152/ 

£12.88 

DEC 10 

Universal Loudspeaker Protector 

9-Channel Infrared Remote Control 

Revised USB Charger 

01110151 

15108151 

18107152 

£12.88 

£16.42 

£5.36 

JAN’17 

High-performance Stereo Valve Preamplifier 

High Visibility 6-Digit LED Clock 

01101161 

19110151 

£17.75 

£16.42 

FEB17 

Solar MPPT Charger/Lighting Controller 

Turntable LED Strobe 

16101161 

04101161 

£17.75 

£7.60 

MARCH17 

Speech Timer for Contests & Debates 

19111151 

£16.42 

APRIL17 

Microwave Leakage Detector 

Arduino Multifunctional 24-bit Measuring Shield 
- RF Head Board 

Battery Pack Celi Balancer 

04103161 
04116011 1 
04116012/ 
11111151 

£8.00 

£17.75 

£9.00 

MAY 17 

The Micromite LCD BackPack 

Precision 230V/115V 50/60Hz Turntable Driver 

07102122 

04104161 

£11.25 

£19.35 

JÖNE 17 

Ultrasonic Garage Parking Assistant 

Hotel Safe Alarm 

10OdB Stereo LED Audio Level/VU Meter 

07102122 

03106161 

01104161 

£10.45 

£8.00 

£17.75 

JULY 17 

Micromite-Based Süper Clock 

Brownout Protector for Induction Motors 

07102122 

10107161 

£10.45 

£12.90 


PROJECT TITLE 


ORDER CODE COST 


AOG '17 

Micromite-Based Touch-screen Boat 



Computer with GPS 

07102122 

£10.45 

Fridge/Freezer Alarm 

03104161 

£8.00 

SEFT’17 

Compaot 8-Digit Frequency Meter 

04105161 

£12.88 

MOV 17 

50A Battery Charger Controller 

11111161 

£12.88 

Micropower LED Flasher (45 x 47mm) 

16109161 

£8.00 

(36 x 13mm) 

16109162 

£5.60 

Phono Input Converter 

01111161 

£8.00 

DEC 17 

Precision Voltage and Current Reference - Part 2 

04110161 

£15.35 

JAN '18 

High-Power DC Motor Speed Controller - Part 1 

11112161 

£12.88 

Build the SC200 Amplifier Modüle 

01108161 

£12.88 

FER 10 

GPS-Syncronised Analogue Clock Driver 
High-Power DC Motor Speed Controller - Part 2 

04202171 

£12.88 

- Control Board 

11112161 

£12.88 

- Power Board 

11112162 

£15.30 

MARCH10 

Stationmaster - Main Board 

091031711 

£17.75 

- Controller Board 

09103172/ 

Build the SC200 Amplifier Modüle 



- Power Supply 

01109111 

£16.45 


Back numbers or photocopies of articles are available if required - see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 

* See NOTE left regarding PCBs with eight digit codes * 

Please check price and availability in the latest issue. 

A large number of older boards are listed on, and can be ordered from, our vvebsite. 

Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 

VVhere available, software programs for EPE Projects can be downloaded free 
from the Library on our website, accessible via our home page at: 

www.epemag.com 

PCB MASTERS 

PCB masters for boards published from the March ’06 issue onwards are 
available in PDF format free to subscribers - 
email fay.kearn@wimborne.co.uk stating which masters you would like. 


EPE PRİNTED CIRCUIT BOARD SERVİCE 
Order Code Project Ouantity Price 

Name. 

Address. 

Tel. No. 

I enclose payment of £.(cheque/PO in £ sterling only) 

to: Everyday Practical 

Electronics 


VISA 


Card No. 

Valid From.Expiry Date 

Card Security No. 

Signature. 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our vvebsite on a secure server: 

http://www.epemag.com 




























































If you want your advertisements to be seen by the largest readership at the most economical price our classified page 
offers excellent value. The rate for semi-display space is £10 (+VAT) per centimetre high, with a minimum height 
of 2-5cm. Ali semi-display adverts have a vvidth of 5.5cm. The prepaid rate for classified adverts is 40p (+VAT) per 
word (minimum 12 vvords). 

Ali cheques, postal orders, ete., to be made payable to Everyday Practical Electronics. VAT must be added. 
Advertisements, together with remittance, should be sent to Everyday Practical Electronics Advertisements, 113 
Lynwood Drive, Merley, VVimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified advertising please contact our 
Advertisement Manager, Stewart Kearn as above. 


BOVVOOD ELECTRONICS LTD 

Suppliers of Electronic Components 

www.bowood-electronics.co.uk 

Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200 222 

Send large letter stamp for Catalogue 



Looking to advertise? 


Contact 
Kearn on: 
880299 


Everyday Practical 
Electronics reaches more UK read- 
ers dian, any other UK monthly 
hobby eleetronics magazine, our 
sales figtıres prove it. 

We have beetı the leadîng monthly 
magazine in this market for the last 
tweuty«seven years. 


r CANTERBURY WINDINGS ^ 

UK manufactürer of toroidal transformers 
(lOVAto 3kVA) 

Ali transformers made to order. No design fees. 
No minimum order. 

www.canterburywindings.co.uk 

l 01227450810 j 


MISCELLANEOUS 


PIC DEVELOPMENT KUS, DTMF kits 
and modules, CTCSS Encoderand De- 
coder/Display kits. Visit www.cstech. 
co.uk 


VALVES AND ALLIED COMPONENTS İN 
STOCK. Phone for free list. Valves, books 
and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774. 


SPRING END OF LINE BARGINS 

FOR HOIVE ELECTRONIC BUILDERS 
CONNECTORS; SVUTTCHES; 
HARDIAARE; ENCLOSURE'S; PANELS 

vuvuraporbidgeelectnDnksjCO^ 


Design Projects Ltd. 

Asmall, custom engineering company, 
are looking for electronics engineers 
that work from home and may have 
experience in both digital and analogue 
PCB’s, and may be interested in 
designing and manufacturing custom 
made, one-off or small bateh items. 
For further information please visit: 

www.designprojects.eu.com 

or 

email: info@design-projects.com 


ADVERTISERS I N R E X 


CRICKLEVVOOD ELECTRONICS.57 

EPTSOFT Ltd .57 

ESR ELECTRONIC COMPONENTS.69 

HAMMOND ELECTRONICS Ltd.9 

JPC ELECTRONICS.72 

KCS.Cover (iv) 

LASER BUSINESS SYSTEMS.55 

MICROCHIP.Cover (iii), 6 & 10 

PEAK ELECTRONIC DESİGN.Cover (ii) 

PICO TECHNOLOGY.55 

POLABS D.0.0.35 


QUASAR ELECTRONICS.2/3 

STEVVART OF READING.31 

TAG-CONNECT.69 


ADVERTİSEMENT OFFICES: 

113 LYNVVOOD DRİVE, MERLEY, VVİMBORNE, 
DORSET BH21 1UU 
PHONE: 01202 880299 
FAX: 01202 843233 

EMAİL: stewart.kearn@wimborne.co.uk 
WEB: www.epemag.com 

For editorial address and phone numbers see page 7 
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Next Month 


APRIL '18 ISSUE ON SALE 
1 MARCH 2018 


Spring Reverberation Unit 

Here's a blast from the past! Despite the availability of digital reverb and effects units these days, 
many musicians stili like the 'old school sound' of spring reverberation. This new design uses a 
cheap, readily available spring 'tank' with a flexible povver supply, so you can easily build it into your 
favourite amp, even if it's portable. [ 

Touchscreen DDS Signal Generator 

This fantastic design can produce sine, triangle or square vvaveforms from 1 Hz to 10MHz, with 
±0.005% frequency accuracy and it also has a svveep function. Its touchscreen LCD makes it very 
easy to drive and you can use it for audio or RF applications. 

Upgrade your Arduino-based Theremin 

İn last December's issue we had a short article on building a simple Arduino-based digital 
Theremin. Next month, we'll show you how to add a second sensor to control volüme. 

Low Cost Electronic Modules - Part 4 

Learn to use the AM2302/DHT22 digital temperature and relative humidity (RH) sensing modüle. 

İt provides just about the simplest way to make a microcontroller project with temperature and 
RH sensing capabilities. 

Teach-ln 2018 - Part 7 

İn next month's Teach-irı 2018 we will look at radio frequency (RF) tests and measurements, 
and introduce a selection of RF test instruments and measurement techniques. Our practical 
project will feature a sensitive RF 'sniffer' that can be used to check for radiated 
signals över a very wide frequency range. 

PLUS! 
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Selling Electronics in €M^tmMifor 29 


Öpen Monday to Friday 9am to 5:30pm 
And Saturday 9:30am to 5pm 

• Aerials, Satellite Dishes & LCD Brackets 

• Audio Adaptors, Connectors & Leads 

• BT, Broadband, Netvvork & USB Leads 

• Computer Memory, Hard Drives & Parts 

• DJ Equipment, Lighting & Supplies 

• Extensive Electronic Components 

- ICs , Project Boxes, Relays & Resistors 

• Raspberry Pi & Arduino Products 

• Replacement Laptop Povver Supplies 

• Batteries, Fuses, Glue,Tools & Lots more. 

T: 01246 211202 
E: sales@jpgelectronics.com 
JPG Electronics, Shavv’s Row, 

Old Road, Chesterfield, S40 2RB 
W: www.jpgelectronics.com 
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CALLING ALL EPE 
SUBSCRIBERS 


İf you are one of our valued subscribers then 
please note that we are changing the way we 
send subscription renevval reminders. 

Instead of sending you a renevval card, we will 
now print a box on the address sheet, vvhich 
comes with your copy of EPE. 

This box vvill advise you of the last issue in 
your current subscription. 

To renevv you vvill have three choices: 

1. Cali us on: 01202 880299 

2. Visit our vvebsite at: www.epemag.com 
3.Send a cheque to: 

VVimborne Publishing Ltd, 113 Lynwood Drive, 
Merley, VVimborne, Dorset BH21 1 UU 


Published on approximately the first Thursday of each month by VVimborne Publishing Ltd., 113 Lynvvood Drive, Merley, VVimborne, Dorset BH21 1 UU. Printed in England by Acorn VVeb Offset Ltd., Normanton, 
WF6 1TW. Distributed by Seymour, 86 Nevvman St., London W1T 3EX. Subscriptions INLAND: £24.00 (6 months); £45.00 (12 months); £85.00 (2 years). EUROPE: airmail service, £30.00 (6 months); £56.00 
(12 months); £107.00 (2 years). REST OF THE VVORLD: airmail service, £37.00 (6 months); £70.00 (12 months); £135.00 (2 years). Payments payable to "Everyday Practical Electronics", Subs Dept, VVimborne 
Publishing Ltd. Email: subs@epemag.wimborne.co.uk. EVERYDAY PRACTİCAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first 
having been given, be lent, resold, hired out or othervvise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise 
disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 
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With Över 250 Million Units in 
Stock, We've Got You Covered 

Delivering You the VVorld's Largest Inventory 
of Microchip Products 


Work directly with Microchip's full service channel to fulfîll your supply 
needs.Take advantage of direct pricing and have access to the vvorld's 
largest inventory with över 250 million units of Microchip products. 

Key Benefits 

► Special pricing for high-volume quantities 

► Low-cost and secure programming, direct from Microchip 

► Schedule orders up to 12 months in the future 

► Dropship to multiple addresses worldwide 

► Pay by credit line, credit card, PayPal and more 


microchip 

DİRECT 



m D!KECT Microchip 

www.microchipdirect.com 

www.microchip.com/learn-more 


The Microchip name and logo and the Microchip logoare registered trademarks of Microchip Technology Incorporated in the U.S.A. and othercountries. Ali othertrademarks are the property of their registered ovvners. 
© 2017 Microchip Technology İne. Ali rights reserved. DS00002552A. MEC2195Eng11/17 
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LoRa - Sigfox technology 

Protect - Follow - Measure 
Control - Track - Trace 
Everything 
Everywhere 

We make OEM versions for: Drones - Pumps - Machines - Rentals - Vehicles - 
Smart Cities - Security - Transportation - Lightning - Agriculture - Tools - 
Waste Management - Industrial IoT - Water meters - Electricity - ete 



Ali tıademarksnıeTitioned herein belongto theirrespectıve öwims. 


www.trace.me 























